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UEPARIN-BINDmC PROTEINS MODIFIED chain(s) or O-linked sugar chain(s) cox'alently bonded thereto 

WITH SUGAR CHAINS, METHOD OF by eusuruig thai a cDNA coding for a peptide to wiiich atiy of 

PRODUCING THE SAME AND the above sugar chains can be added is ligated lo a cDNA 

PHARMACEUTICAL COMPOSITIONS codijig for the beparin-bindiiig protein, and by then allowing 

CONTAINING THE SAME 5 an animal cell to produce tlie gene product of the ligatcd 

cDNA. Furthermore, the iuveators have confimied thai the 
BACKGROUND OF THE INVENTION fimction of the resuitant sugar chain(s)-added heparin-bind- 

ing protein h improved, TTius, the prcsen( in\'ention lias been 
The present invention relates to a beparin-binding protein achieved based on these findings, 
fimctioaalized by covaiently bonding thereto sugar chain(s), lo The present invention provides a heparin-biniiiitg protein 
a mctiiod for producing the protein and a phannaceutical fimctionalizedbycovaiently bonding lliercto sugar chaiu{s). 
compostiion containing the protein. The sugar chain{s)may be selected fiom the group coiisisting 

h has been known that heparin-binding proteins^ among of sulfated polysaccharidc(s)» glycosamiiiog]ycaii(s), 
ail, (hose proteins classiliod into the fibroblast growth factor N-l inked sugar chain(s)» 0-linked sugar chain^s} and a coni- 
(hereijiafter. referred to as "FGF*') family and fibroblast is bination thereof. The heparin-bindiug protein may be a factor 
growth Ibclor homologous faclors stjioagly bind (o heparin belonging to the FGF lamily or its allied factor Tlie lieparin- 
and heparan sulfate (sulfated polysaccharides) by a non-co- binding protem may be covalently bonded lo the sugar 
valtrnt hoi)d. It lias been aiso known thai wh^ a heparin- chain(s) through a peptide to which tlie sugar cliain(s) can be 
binding protein such as fibroblast growth factor is mixed with added. For example, the heparin-binding protein lo which the 
a sulfated polysaccliaride such as heparin, the biological 20 sugar chain(s) are lobe covalently bonded may be tiiefo liow- 
aclivity and physical properties of the heparm-binding pro- mg (a) or (b): 

iciii are rdtcred to change its fimction: sometimes, such a (a) a protein consisting oflhe amino acid sequence ofJsEQ ID 
heparin^binding protein raay acquire higher function. How- NO: K 3» 5 J 7, 19, 21 , 23, 25, 27 or 29; 
ever, e\'cn if a sulfatetl polysaccliaride was mixed with, die (b) a protein which consists of Uie aJtiino acid sequence of 
expected functional iy^tion of the protein has been limited. 2^ SEQ IDN0:1, 3, 5» 17, 19, 21, 23, 25, 27 or 29 having 
Hesides, when such a mixture ts used as a phannaceutical deletion, substitution, addition or modiiicatiaii of one or 
composition, unfavorable physiological activity attributable several amino acids» which has FGF activity and to which 
to a free sulfated polysaccliaride has caused a problem. To the sugar chain can be added. 

date, there has been reported no proleui in which a heparin- in the heparin-binding protem of tiie invention, the sugiir 
bindm£i>rolein isjotnedwith sulfated polysaccharide(s) by a 5ft chain(s) may be bonded to Uie heparin-binding protein at a 
covalciil bond for the purpose of fimctionalizatiou of the site forming a turn Lithe secondary structure or a <iito neurone 
hcpariii-biniling protein. of the ends, or a site which would not change the terliary 

In addilion, it has never been known to date iliai artificial strucmre of the protein greatly by addition of ilic sui^.ir 
^idditiou of asparagine-l inked sugar chaiu(s) (hereinafter. chain(s). 

refeired lo as "N-huked sugar chain(s)") or serine/Uueonine- 35 jhe present inveinion also provides a inelliod for produc- 
hnked sugar cham(s)(hercinaaer. referred to as an "0-luikcd a heparin-binding protein functionalized by covalently 

sugar chain(s) to a heparin-bmding protein, particularly a bonding thereto sugar chain(s), comprising the following 
protein of the FGF family or a fibroblast growth factor steps: 

homologous tactor, by covalent bond(s)can functionalizethe ^ '^tep in which a cDNA coding for a peptide to which 

proiem Funherraore. die general effect which N-linked sugar 40 sugarchain{s)caiibeaddedis ligated to a cDN A coding tor 
chatn(s) or D-linked sugar chain(s) could give has not been ^ hcparin-biaiding piotein; 

known. Exceptionally, with respect to FGF-6, the role of the z^^. ^ step of incorporating theresultiml ligalcd cDNA into an 
N'lmkcd sugar cham(s ) it naturally Iia s was suggested in an in expression vector- 

vitro translation system, but has not been proved directly. To ^ of introducing the expression vector into a host eel 1 

dite, the^^has been n^ported no exainple of jotmng a licparm- 45 ^^^^^^ 

budding protejn with N-hnked or 04inked sugar cham{s) by ^ expressijig in the host cell a hepann-binding 

coiaJei^ bond(s) for tiie purpose of funchonahzuig the hep- ^^^^^^ ^^^^^ ^^^^^ ^^^-^^^^ covalently bonded 
aniyomding protein . ■ . . ■ tlirough the peptide to wliich the sugar chain{s) can be 

It IS an object of die present invention to improve the added o ^ 

function of lieparin-biiiding proteuis. It is another object of so — 

ll»e invention to establish a heparin-binding protein to which Wlien the sugar chain{s) are sulfated polysaccharide(s) or 
sugar cliain(s) are covaletUly bonded and a method for pn>- glycosaminoglycan{s), the peptide to which the sugar 
ducingtheproJein, It is fftillanollierobjecl of the invention lo chain(s) can be added may be a proteoglycan a>re protein or 
provide a pliarmaceutical composition containing the above a part thereof. When the sugar cl)aiji(s) are NT-linked sugar 
protein . 55 chain(s), Uie peptide to which the sugar chain{s ) can be added 

may be a peptide comprising N- linked sugar cliaui(s)- added 
SUMMARY OF THE INVENTION amino acid sequence. When tlie sugar chain{s) are O-tinked 

sugar chain(s), the peptide to which the sugar cha in( s) can be 
Ttie present inventors have made intensive and extensive added may be a peptide comprising O-l inked sugar chnin(s)- 
researches toward the solution of the above problems. As a w added amino acid sequence. The present mvention also pro- 
result, ibe inventors have noted the fact that sulfated poly sac- vides a method for producing a heparin-binding protein func- 
charide(s), glycosamtnoglycan(s), N-linked sugar chain(s) tionalized by covalently bondmg thereto sugar chain(.s), 
and 0-linked sugar chaia(s) are individually syntliesized in comprismga stepofallowmg the sugar chaiii(s) to bind to the 
living animal bodies as sugar chaln(s) of a glycoproteui. heparin-binding protein by a chemical binding method. The 
'Ihen, the inventors liave found that it is possible to producea 6J sugar chain(s) may be selected from the group consisting of 
heparin-binding protein having in its molecule sulfated sulialed polysaccharide(s), glycosaminoglycan(s), N-linked 
polysaccharide(s), glycosaminoglycan(s), N-linked sugar sugar chainjfs), O-Unked sugar cham(s) and a conibhtalion 


CERTIFICATE OF CORRECTION (continued) Page 3 of 25 


US 7,005,415 Bl 
3 4 

tliereof, and the heparin-binding protein may he a factor deleiioii, substitution, addition or tnodilication of one or 
belonging to the FGF family or its allied (actor. Tlie present several amino acids, which has FGF activity and to wiiicli 
invention furtbcr provides a phannaceutical composition die sugar chain(s> can be added. 
railainiiie.as anaciive iiigredicnt, abeparin-biijdiiigpioleiD Proteins having tlteaminoacidsequencesofSEQ ID NOSr 
ini.Ktionah^fidby coval«,Uy bomhitglhereto sueJ^ 5 ^ 3 5 ,7 ,9 2I, 23. 25. 27 and 29 are encoded by. for. 

nie present mvention also provides a method for fimciioniil- , .heDNA sequences of SEQ JDNOS: 2. 4. 6. 18, 20. 

boudiiis lliet^to sugar cliai3i(s). respectively^ lliese proteios contam a 

lhenavelsugarchain(s)-addedheparin^bind^igpratemof peptide sequence to which sugar cbain{s> 
the mvenlion ise-vcellenJ in stabilities such as thermostability. Jo sequence fcra signal peptide m addition to a ptptide sequence 
acid resistance, alkab resistance and resistance to proteo lytic ^ ^^^ctor belouging to the FG F famiiy . The hcpani:-buKU»g 

enzymes. Thus, by using the sugar chain(5Vadded bepariu- prolein of the present mvcntion includes not only tlie protein 
binding protein of the iin'ention iu a phannaceutical product, pnmarily defined by a cDNA shown in the sequence Hsiiiig 
it is possible to design such a phannaceutical product that is tmt also a protein in which a peptide sequence for secretion 
exoeltem in in vivo stabilities, in particularacidresistanceand \s (called the signal peptide) located at the amino terminal when 
alkali rcsistaiicc, and applicable to an oral medicine. secreted from cells is cut off. The utility of a heparin- buiduig 

protein which is contained in the pharmaccuiical composition 
BRIEF DESCRIPTION OF THE DRAWINGS of the invention as an active ingredient will not vary even if 

the protein is produced in a fomi lacking the signal peptide 
FIG. L shows typical examples of sulfated polysaccharide 20 from the beginning 

'"'p,^^f!S"^'^!'''-"'?'"^''?^'^M, 1^ K- Hie sugarchain{s) 10 be covalentlybotriedto the heparin- 

FIG. 2 Shows typical examples of N-hnfced Sugar chains. , . ^ ^ . \ ■ , » „ 

FIG. 3 shows tj Jical examples ofO-linked su^chains. protem n^y be a«y sugar chain(s) as ioug as the 

FIG. 4A shows SDS-deiiatured electiopho^ams of P"*^"" (unclionalKed by covalcn ly bonduig the sugar 
S/FGF-1 a-n Protein r o ^ cham{s). Examples of the sugar chain(s) uiclude, but are not 

FIG. 4B shows SDS-denaturcd electrophoTegrams of Uraited (o, sulfated polysaccharides sucli as heparan sulfate, 

N'FGF"lrt-IV and 0-FGF-t a Proteins. cbondroitin sulfate, glycosauuuoglycans, N- linked sugar 

no, 5A shows (he DNA syntlicsis promoting activity on ^^^^ 0-linked sugar chaiiis. The term **functionalize" 

IfUVECof S/FGF'la-n. herein means increasing the activity of a protein of 

FIG. 5B shows the DNA synthesis promoting activity on 50 interest. As an example of fUnclionalizalion, there may he 

HlJVEC of co/j-deriv'ed FGF- la. given a case in which the residual activity of a protein after 

FIG. 6A shows ilie themio si ability, acid resistance and treatment witli heat, acid or alkali is increased by adding 

alkali resiBlaace of S/FGF-la-n sugar cl}ain(s) to the protein by covalenl boiid(s). The "sul- 

nc?. 6B shows the thcnnostability. acid resistance and ^^^ed polysaccharide(s)*' used herein is a gencriil lenn for 

alkali lesistanccof 5. co/AderivedFGF-la. 33 various sugar cham slmctures which arc elongating li-oin 

FIG. 7 shows the resistance to tiypsiu of S/FGF- 1 a^H and ^y^^^^ ^"^^ ^ ^^^^^^ P^^^"^ pnmary struc- 

E. 6t>//-deri ved FQF- 1 a ^ f proteins or elongating on the nou-reducing end side of 

no. 8 shows the DNA synthesis promoting activity on ■ N-iinked sugar chains or O-linked sugar chains to be 

HUVHC of N-FGF-6/la-IV and £ co/r-derived FGF-Ia. described later, or which are present m a free form. 

FIG, 9 sitows the heparin affinity of S/FGF-Ia-II. 40 Many of such sugar chains are composed of repeating 

disaccharides of aminosugar and uronic acid (or galactose), 

DESCRIPTION OF PREFERRED and some of their hydroxy! groups or amino groups are sub- 

EMBODIMENl'S stituted widi sulfete groups. Glycosaniiuogiycaus are 

polysaccharides having a sh^scture similar to diose described 

Hereinbelow, the present invention will be described in 45 above, but they include those which do not have any substi- 

delark tution with sulfate groups. All of tlie above-mentioned 

In the present invention, the heparin-binding protein to polysaccharides are designated herein genericaJly *'sullated 

which sugar cliain(s) are to be covalenlly bonded is a pnotein polysaccharides or ilie like'*. 

having heparin binding property. For example, factors Hieir specific structures are described, for example, in 
belonging to the FGF fbmily or allied factors, or other pro- 50 Destiny of Sugar Chains in Cetis, Nagai, Hakomon and 
teins with heparb-binding property but without structural Kobata (Eds.), Kodansha Scientific Co. FIG I shows their 
similarity to the fonner proteins may be enumerated. typical sugar chain sequences. The ^'N- linked sugarchain(s)'* 
Examples of tlie other proteins tuclude, but are not limited to, used herein is a general term for various sugar chain{s) struc- 
hcpArin^ binding epidermal growth factor-like factor (HB- tures elongating from N-acetylglucosamine linked to an 
EGF) and platelet-derived growth factor (PDGF). As specific 55 asparagine residue present in die primary structure of pro- 
examples of tlie factors belonging to the FGF family or allied teins. Their specific structures are described, for example, in 
factors, FGF- 1 to -10 and FHF (fibroblast growth factor Destiny of Sugar Chains in Ce/h, Nagai, Hakoniori and 
homologous factor)-! to -4 are known. Hie heparin-binding Kobala (Eds.), Kcdansha Scientific Co. FIG. 2 shows their 
protein of the invention may be covalenlly bonded to sugar typical sugar chain sequences. The "0-linked sugar chain(s)" 
chain(s) through a peptide 10 wliich the sugar chain(s) can be eo used herein is a general term for various sugar chain(s) struc- 
added. For example, the heparin-binding protein to which the tures elongating from N-acctylgalactosamine linked to a 
suga r cha in(s) are to be covalenity lx>nded may be the follow- serine or threonine residue present in the primary structure 0 f 
ing (a) or (b) ; proteins. Their specific structures are described, for example, 

(a) a protein consisting of the amino acid sequence of SEQ ID in Destiny of Sugar Chains in Ceiis, Nagai, Hakomori and 
NO: I. 3, 5. 17, 19. 21, 23, 25, 27 or 29; fii Kobata (Eds.)* ICodansha Scientific Co. FIG. 3 shows their 

(b) a protein wliich consists of the amino acid sequence of typical sugar chain sequences. These sulfated polysacclia- 
SEQ [D NO: 1, 3. 5, P, 19. 21, 23, 25, 27 or 29 having rides or the like, N-linked sugar chains and O-linked sugar 
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chiims may have addition, deletion, substitution or modifica- One example of the method for producing sugar chaui(s)- 

tion in a part of their sugar chain sequences as long as they added heparin-binding protein of the invention will be 

retain their functions. described below. 

When sugar chain(s) are attached to a heparin-binding First, an oligonucleotide coding for a secretion signal and 

protein,tbesugarchaiii(s>a!oneraay be covalently bonded to 5 a peptide which is icnown to undergo addition of sugar 

the heparm-binding proteiii directly. Alternatively, a peptide chain(s) is syndicsized or amplified by PCR. Tlic resuliam 

chain of any length to which sugar chain(s) are covalentiy oligonucleotide is incorporated at the 5' end of a plasmid 

bonding may be covaleutly bonded to a heparin-binding pro- coding for a heparin- tjiuding protein, 

t^"^- As the secretion signal and the peptide which is known to 

In order to produce the heparin-binding protein of the undergo addition of sugar chain(s), an amino terminal of a 

invention to which sugar chain(s) are oovalentiy bonded typical secretion- type gJycoprolein may be used, for 

(hereinafter, referred to as tlie "sugar cliain(s)-added heparin- example, SpecificaUy, the amino acid consisting of the N 

binding proteui"), first, a cONA coding for a peptide to which terminal 40 residues of mouse FGF-6 may he used, 

sugar chain{s) can be added is ligated to a cDNA coding for a The plasmid coding for a heparin-binding protein can be 

heparin-binding protein. The ligated cDNA is incorporated prepared by incorporatiiig a DNA coding for the hepariu- 

into an appropriate expression vector, which is then intro- binding protein into an appropriate plasmid. As Uie plasmid 

duced into a host cell having sugar chain{s) addition pathway into which a DNA coding for a heparin-binding protein is to 

to Uierebye>ipress sugar cliain(s)-added heparin-binding pra- be mcorporated, any plasmid may be used as long as it is 

tein, replicated and mainuiined in a host. For example, pBR322 

cDNAs coding for various heparin-binding proteins can be and pUC 1 8 from £. coft and pET-3c which was constructed 

i^btained by tiesigning appropriate primers from a sequence based on Uiese plasmids may be enumerated, 

registered in a gene bank such as DDBJ (DNA Data Bank of As a method for incorporating the ahovc-dcscribed oligo- 

Japan) and perfonning RT-PCR (reverse transcription PCR) nucleotide into the plasmid coding for a heparin-binding pro- 

with the pri]uers and mRNA from the reJevaiil tissue of the tein, the method described in T. Maniatis et a!.; Molecular 

relevant animal. Cloning, Cold Spring lTart>or Laboratory, p, 239 (19^2) may 

Tn order (o produce a sulfated polysaccharide or the like* be given, for example, 

added heparin-binding protein^ first, a cDNA coding for a From the thus prepared plasmid, a region ajmprising a 

heparin-binding protein is ligated to a cDNA coding for a nucleotide sequence coding for a secretion signal, a peptide 

peptide wliich is known to undergo addition of a sulfated which is known to undergo addition of sugjn chain(s) and a 

polysaccharide or the like. The ligated cDNA is iucorporated heparin-binding protein (heremafler, referred lo as a ""region 

uito an appropriate host cell expression vector, which is then comprising a nucleotide sequence coding for sugar chain(s h 

introduced into a host cell to thereby express the sulfiited added heparin-binding protein") is cut out. This region is 

polysaccharide or the like-added heparin-binding protein. As ligated to the downstream of a promoter in a veclor suitable 

tiie peptide wliich is known to undergo addition of a sul Kited for expression to thereby obtain an expression vector, 

polysaccharide or the like, the core protein or a part thereof of The above-described region comprising a nucleotide 

various proteoglycans (e.g. syndecan, glypican, pcrlecan) sequence coding for sugar chain(s)-added heparin- biiiding 

may be used. As a part of the core protein of a proteoglycan^ protein may have ATG at its 5' eiKl as a translation initiation 

a peptide comprisji>g a Ser-GJy repeat sequence (which is codon and TAA. TGA or TAG at its 3' end as a translation 

believed lo be the sugar ciiain(s) addition site in proteogly- termination codon. In order to express the protein encoded in 

cans ) may be used. the coding region, a promoter is ligated to the upstream of the 

\i\ order (o produce an N-li^iked sugar clia in(s)- added hep- region. As llie promoter to be used in the present invention, 

arin- bin ding protein, first, a cDNA coding for a heparin* any promoter may be used as long as it is appropnate lo the 

binding protein is ligated to a cDHA coding for a peptide host used for Uie expression of the gene, When the host to be 

which is laiown to undergo addition of N-Unked sugar 45 transformed is a baciiUts, SPOl promoter, SP02 promoter, 

chain(s). The ligated cDMA is incorporated into an appropri- pcnP promoter or the like nuy be used. Wlicn tlie host is a 

ate host cell e.spression vector, which is then introduced into yeast, PH05 promoter, PGK promoter, GAP promoter, ADH 

a host cell to Uicreby express the N- Linked sugar chain(s)- promoter or the like may be used. When the host is an aiiinial 

added liepariivbinding protein. Specific examples of the pep- cell, a promoter ^om SV40 or a promoter from a retrovirus 

tide wluch is known lo undergo addition of N-Iinked sugar gg may be used. 

chain(s) include Asn-X- Tin* and Asn-X-Ser (wherein X is any As the plasinid into wbich the thus consiruclcd recombi- 

amino acid except proline) . nant DNA comprising a nucleotide sequence coding forsugjir 

JuordertoproduceO-linked sugar chain(s>-added heparin- ehaiii(s>-added heparin-binding protein is lo be iiicorporaied, 

binding praiein. first, a cDNA coding for a heparin-binding any plasmid may be used as long as it can be expressed in tJie 

protein is ligated lo a cDNA coding for a peptide which is 53 host cell For example, those vectors which were constructed 

known 10 undergo addition of O-linked sugar chain(s). The based on£. co//-derived pBR322 and pUC18 may be given, 

ligated cDNA is incorporated into an appropriate host celi As a method for incorporating the recombinant DNA into 

expression vector, which is then introduced into a host cell to a plasmid. ilie method described in T. Mania lis et a i. ; Mohcu-^ 

thereby express the O-tinked sugar chaia(s)-added heparin- tar Cionmg, Cold Spring Harbor Laboratory, p. 239 ( 1 982) 

binding protein. As a specific examples of the peptide which «> may be given, for example. 

is known to undergo addition of O-linked sugar chain(s). By ind^ducing a veclor comprising the above-described 

Ala-'fhr^PrCKAla-Pro may be given, recombinant DNA into a host cell, a trans formant carry ijig the 

As tJ»e site to which sugar chain(s) are bonded, a site vector is prepared, 

foraiing a turn in the sccondarj^ structure of a heparin-binding As the host cel3, any cell may be used as long as it has sugar 

protein or a site near one of the ends, or a site wbicli would not 65 cham(s) addition pathway. Specific examples include, but are 

change the tertiary structure of the protein greatly by addition not limited to, bacilli (e,g. BacitUts subdfis DB 1 05), yeasts 

ofthe sugar ciiain(s) is preferable. (e.g. Fichia pastoris, Saccharotnyces cere^^istne), animal 
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cells (e.g. COS ceU, CHO ccM BHK cell, N1II3T3 cell> 
B ALB/C3T3 celt. HUVE cell. LEO cc!i) and insect oeUs (e ,g . 
Sf-9 cell, Tn cell). 

llie above-mentioned trausrormation may be perfonned 
by a convMiiioTinl nieihocl conmionly used for each host, 
Altematively, ati applicable niethod raay be used though it is 
jiol coninioiily used. For example, when the host is a yeast, a 
vector comprising the recombinant DNA is introduced into 
competent cells (prepared by die lithium method or the iiJce) 
by the lemperaiure shock twethod or clectroporatiOD. Wheu 
ttie hOKt is an aiiimaJ cell, a vector comprising the recombi- 
nant DNA is introduced into cells at the loganthmic growth 
phase or the like by the calcium phosphate method, hpofec- 
lion or elcctroporalion. 

By cul luriiig the thus obtaiued transforniant in a medium* a 
sugar chain( s)-added Jieparin-binding protein is produced. As 
the medium for cuituring the trans foimant. a conventionai 
medium conimonty used for each host may be used. Alterna- 
tively, ail applicable medium may be used even if it is not 
commonly used. For example* when the host is a yeast, WD 
mediujn or ilie like may be used. When the host is an animal 
cell, l>ufbecco's MEM supplemented witli aiituial seruin, or 
the like may be used. Tlie cuhivation may be perfonned under 
conditions conunonly employed for eacli host. Alteimtively, 
applicable couditions may be used even if they are not com- 
monly used. For example, when the host is a yeast, die culti- 
vation is carried out at about 25-37'' C. for about 12 houn to 
1 weeks. If necessary, acratiou or agitation may be carried 
out When the host is an animal cell, the cultivation is carried 
out at a bout 32-37'' C . under 5% CO^ and 1 00% humidity for 
about 24 hours to 2 weeks. If necessary, the conditions of the 
oas phase may be changed or agitation may be cairied out. 

In order to obtain a sugftr-cliain(s) added heparin- binding 
protein from tlie culture of the above-described transfbnuant. 
the protein released inia the culture fluid may be directly 
recovered from a supernatant after ceutrifugation. Alterna- 
tivciy> when the protein is to be extracted from the cultured 
microorganisms or celts, the protein may be obtained by 
dismpling tlie cultured niicrootganisms or cells with a 
homogenize^ a French press, ultrasonic waves, lysozyme 
and/or by freeze- llia wing to thereby elute the protein of inter- 
est to the outside of the cells, and tJien recovering the protein 
from soluble fractionfi. if the protein of interest is contained in 
ijisolubfc fractions, insoluble fractions may be lecoverod by 
centrifugation after disruption of the microotganisms or cells 
and then soiubilized witii a buffer containing guanidine 
hydrochloride or the like, to thereby recover tlie protein of 
interest from the resultant soluble fractions. Alternatively, tlie 
cultured microorganisms or cells may be disrupted by a dfrect 
treatment witli a buffer containing a protein denaturing agent 
such as guanidine hydrochloride to thereby elute the protein 
of inierest to tlie outside of tlie cells. 

In order to purify a sugar chaiii(s)-added heparin-binding 
protein from die above-mentioned supernatant, knowu sepa- 
ration/purification methods may be used in an appropriate 
combination. Specific examples of these known separation/ 
puHUcatiou methods include salting out, solvent precipita^ 
tion, ilialysis, ultrafiltration, gel filtration, SDS-polyacryla- 
midc gel electrophoresis, ion exchange chroma lography. 
affinity chrojiiatogiaphy, reversed phase high performance 
liquid chromatography and isoelectric focusing. Further, 
affiiiity cliromatography using heparin sepharose as a canrier 
may be applicable to a large number of heparin-binding pro- 
teuis. 

The llius obtained sajnple may l>e dialyzod and freeze- 
dried to obtain dry powder if the activity of the sugar 
diain(s)-added heparin-bindmg protein is not damaged by 
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such processing. Further, in storing the sample, addition of 
serum albumin to the sample is effective for preventing 
adsorption of the sample to the container 

The inclusion of an extremely small amount of a reducing 
5 agent in the purification process or the storing process is 
preferable for preventing oxidation of the sample. As the 
reducing agent, p-mercaptoethanol, diUiiotlireitol, glu- 
tathione or the like may l>e used. 
The sugar chain{s)-added heparin-binding protein of the 
1 0 Invention may al so be produced by attaching suga r chai n(s ) to 
a heparin-binding protein by a chemical method. As the spe- 
cific method, the following a) or b), or a combimition thereof 
may be used. 

a) For example, first, sugar chain(s) arc completed by a 
15 biological method, a chemical synthesis method or a combi- 
nation thereof At that time, a residue appropriate tor protein 
binding may be introduced at one end of the sugar chain(s). 
For example, an aldehyde group is formed by reducing and 
partially oxidizing the reducing end of the completed sugar 

20 chain(s). Then, this aldehyde group is attaclied to an amino 
group in a protein by an amino bond to ttiereby complete the 
joining of tlie sugar chain(s> and the protein. 

b) For example, first, an aldehyde group is fonned by 
reducing and partially oxidiEing the reducing end of a 

15 monosaccharide or « residue appropriate for protein binding 
which is bound to a monosaccharide. Tlien, this aldehyde 
group is attached to an amino group in a protein by an amino 
bond to thereby complete the joining of the monosaccharide 
and the protein. An additional monosaccharide or sugar 
30 chain(s) are attached to a hydroxyl group or tiie like of the 
above monosaccliaride to Utereby complete sugar cliain(s). 
Fortius attachment, a biological inetlwxl, a chemical synthe- 
sis metliod or a combination thereof may be considered. 
A heparin-binding protein fiinclionalized by covalenlly 
35 bondingtheretosugarchain(s)canbeusedasamcdicinc For 
example, the sugar cha m(s> added heparin-binding proieiit o f 
the invention regulates the pliysiological ftmction of FGF, 
Specifically, the physiological function of FGF is to promote 
or inhibit the growth of fibroblast, vascular endollielial cell, 
40 myoblast, cartilage cell, osteoblast and glia cell llicrefore, 
the sugar chain(s)-added heparin-binding protein of the 
invention is effective for promoting cell growth and tissue 
regeneration in liver or the Hke; for curing wounds and regu- 
lating nervous function; and for regulating Uie growtli of 
45 fibroblast orthe Uke, The protein of the ijwention is useful for 
preventing or treating various diseases such as fibroblaslonia, 
angioma, osteoblastoma, death of neurocytes, AUieinier's 
disease, Parkinson's disease, neuroblastoma, anmesia, 
demensia audmyocardialinfarction.Theproteinof the inven- 
50 fion caji also be used as a trichogeuous agent or a hair- 
growing agent. 

The Sugar diain(s)-added heparin-binding protein 
obtained as described above may be formulated into phanna- 
ceutical compositions such as liquid, lotions, aerosols, tnjec- 
55 iions» powder, granules, tablets, suppositories, enteric coaled 
tablets and capsule, by mixing the protein with pliannaceuii- 
cally acceptable solvents, vehicles, carriers, adjuvants, etc. 
according to conventional formulation methods. 
Tlie content of the sugar diain(s>-added heparin-binding 
60 protein, which is an active ingredient, in the phanmceutical 
composition may be about 0,000000000 1 to 1 .0% by weight . 

The phaniiaceulical composition can be administered 
parenterally or orally to mammals, e.g. human, mouse, rat, 
rabbit, dog, cat, etc, in a safe manner. The dose of the plur- 
65 raaceutical composition may be appropriately changed 
depending on the dosage foim, administration route, condi- 
tions of the patient and the like. For example, for administra- 
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tion to mammals mciudixig human, 0.0001 to 100 mg of the 
!iugarchatn{5> added hepariu-binding protein may be applied 
to Uie diseased part several tinies a day. 

The present invention ha a been described so far taking 
heparin-binding proteins sta example. However, it should 5 
be noted iliat besides the heparin-bindiiig proteinSp natural 
proteins having no sugar chainCs) can also be fuucUonalized 
by covalently bonding thereto sugar chain(s). 


Deposit of Microorganisms 


10 


Clones of /t. cofi DH5 a carrying plastnids incorporating 
geiies coding for the sugar ctwin(s)-added hcparin-binding 
proteins of the invention (having tlic DNA sequences of SEQ 
IDNOS:2.4, IS. 20, 22. 24, 26. 28 and 30. respectively) Avere I5 
deposited at the Naiionnl Institute of Bioscience and Human- 
technology, Agency of Industrial Science and Technology 
under Accession Numbers of PERM BP-6428, PERM 
BP 6424, PERM BP-6427. PERM BP-6431. PERM 
BP-6429. PERM BP'6430, PERM BP-6423, PERM 20 
BP- 1 625 and FERMBP-6426 on Sep. 10. 1997. 

Ilereinbclow, tJie present invention will be described spe- 
cifically witli reference to the following Example. However, 
the present in\'ention is not iimited to this HTtamples. 

25 

EXAMPLE 1 

1) Construction of S/FGF^la-npiascnid 

1 . Preparation o f a Humau Ryudocan cDNA Pragment 
phR7A8 is a plasmid obtained by inserting a huniau 

ryudocan cDNA (PCR product) into the EcoR V site of 
pBIuescript 11 (KS+) cloning vector. This pJasmid contaius a 
partial sequence from position 7 to position 2610 in the 
mRNA sequence shown under Accession No. D13292 (see 
B.B.R.C.Vol. 190, No. 3, pp. 814-822, 1993). 

This plasmid was digested with P\'u II. Using the resultant 
DNA firagiueni of 2,232 base pairs as a template, a PCR 
(polymerase cliain reaction) was performed. As primers, 
#109 (5- ITG TCG ACC CAC CAT GGC CCC CGC CCG 
TCT-3') (SEQ ID NO: 7) and #1 1! (S^ITG ATA TCT AGA 
GGC ACC AAG GGA TG-3'KSEQ ID NO: 8) were used. The 
specifically amplified 276 bp bmid was separated by electro- 
phoresis After extraction, this fragment was double-digested 
with HcoR V and Sa! 1. The resullanl 268 bp band was sepa- 4 ^ 
rated, extracted and (hen u!$ed in the ligation described below. 

2. FGP-la/pBluescnpt n(KS+) 

A PCK was f>er formed using human FGF- 1 cDNA as a 
template and #967 (5*-GCG TCG ACAGCG CTA ATT ACA 
AGA AGC CCA AAC TC-3') (SEQ ID NO: 9) and ff630 30 
(5^-CCG AAT TCG AAT TCT TTA ATC AGA AGA GAC 
rGG-3*)(SEQIDN0: ]0)as primers. The specifically ampli- 
fied 434 bp band was separated by electrophoresis. After 
extraction, diis Iragmcnt was double-digested with EcoR I 
and Sal I. The resultant 422 bp band was separated, exttacted 35 
and ilicii inserted into pBIuescript U (KS+) cloning vector 
(2934 bp) double -digested with EcoR land Sal I, where upon 
i GP'la/pBluescript la/pBluescriptn(KS+) was produced. 

FGF-la/pBlucscript n(KS+-) was digested wiili Aor5(H I 
and Sal I in this order. The resultant 2626 bp band was sepa- 60 
rated, extracted and tlien used in the ligation described below. 

3. Preparation of S/POF-la-H Chimeric Gene EcoR V/Sal 
I fr^igment (a PCR product from human ryudocan) and 
AorSlH r/Sal I firagtuent firom FGF-la^Bluescript U (KS+) 
were subjected to a DNA lifialion to produce S/POF-la-II/ 65 
pBIuescript U {KS+) vector. Subsequently, this vector was 
doublc-digesied wiUi EcoK I and Sal I to give a 678 bp band. 


which was then separated and extracted. The resultant fng- 
meni was inserted into pMEXnco expression vector (5916 
bp) double-digested with EcoR I and Sal 1, wtiere upon 
S/FGF-la-n^MEXneo was produced. Tliis expression vec- 
tor comprises the nucleotide sequertce shown in SEQ ID NO : 
2 

2) Expression of S/FGF-la-n 

The resultant S/FGF- la-U/pMEXneo was transferred into 
CHO-Kl cells (Chinese hamster ovary cell Kl substrain) by 
lipofection. Then, llic cells were cultured in the presence of 
Geneiicin to select gene- transferred cells. The selected cells 
were grown until the culture plate became ahnosi full, llien, 
the mediiun was exchanged with a serum- free medium to 
increase tlie substance productivity of the cells. Tliereafler, 
the niediura was exchanged with a fresh one every two days. 
The resultant conditioned medium was subjected to low 
speed centrifuga tion, and the resultant supemataiU was stored 
at4'*C. 

3) Construction of N-FGF6/Ia-IV Plasmid 

1 . Preparation of a Mouse FGF-6 cDNA Fragment 

A PCR was performed using mouse FGF- 6 cONA as a 
template and ^1048 (5^-GCG TCG ACC CAC CAT CiTC 
CCGGGGAGCAGGACGTGTTCA GGG CAC GCTGCA 
GGC TCT CGT CTT C-3')(SEQ ID NO: 1 1) and #968 (5^ 
GCG ATA TCC AGT AGC GTG CCG TTG GCG CG-3 ) 
(SEQ ID NO: 1 2) as primers. The specifically amplilied 1 38 
bp band was separated by electrophoresis. After extraction, 
this fragment was double-digested w itlt EcoR V and Sal L 'The 
resultant 1 30 bp hand was separated, extracted and then used 
in the ligation described below. 

2. Preparation of N-FGF6/1 arlV Chimeric Gene 

EcoR V/Sal 1 friagmcnt (a KJR product from mouse FGI-- 
6) and AorSlH I/Sal I fragment from FOP- !a/pBluescript LT 
(KS+) were subjected to a ONA ligation to produce N-FGP- 
6/la-rV/pBluescript II (KS+) vector. Subsequently, tliis vec- 
tor was double-digested with EcoR I and Sa U to g ive a 540 bp 
band, which was then separated and extracted. The resultant 
fragment was inserted into pMEXneo expression vector 
(59 1 6 bp) double-digested with EcoR I and Sal J, where upon 
N'FGF-6/la-IV/pMEXiieo was produced. Tliis expression 
vector comprises the nucleotide sequence shown in SEQ ID 
NO: 4. 

4) Expression of N'FGF'6/la-IV 

N-FGF-6/la-IV was secreted iiuo a culture supcm.ltant by 
transferring N-FGF-6/la^IV/pMEXneo into CHO-Kl cells 
in liie same noajuier as described above for S/PGP6/1 a-D. 

5) Conslrwction of O-FGF-6/la Plasmid 

- 1 . Preparation of N-PGF6/la<NQ> Chimeric Gene 
A PCR was performed using N-FGF6/la/pBIuescript II 
(KS-H) vector as a template and #105 (5'-GCG TCG ACC 
CAC CATGTC-3)(SEQ IDNO: 13) and #124 (5-OCG ATA 
TCC AGT AGC GTG CCT TGG GCG CG-3'KSEQ ID NO: 
14) as primers. The specifically amplified 138 bp band was 
separated by electrophoresis. After extraction, this fragment 
was double-digested with EcoR V and Sal I. The resultant 1 30 
bp band was subjected to the ligation described below 
together with AorSIH I/Sal I fragment from FGF- la/pBlue- 
script n CKS+), to thereby yield N-FGP-6/la<NQ>/i)Blue- 
scriptn(KS+) vector 
2. Preparation of 0 -FGF-6/ 1 a Chimeric Gene 
A jmniary PCR was performed using N-FGF6/la<NQ>/ 
pBIuescript H (KS+) vector as a template and //098 (5'-GCT 
GGA GGA GGC TGC TAC TCC AGC ITC AAA CCA ITA 
CA-3') (SEQ ID NO: 15) and #1 16 (5~-GCC GCT CTA 
GAA CTA GTG GAT-3') (SEQ ID NO: 16) as primers. Tlie 
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Specifically ainplUied 210 bp band was purified. Using this 
PCR product iuid # ] 1 5 (5 - AAC AAA AGC TGG GTA CCG 
OG-V) as primers, a secondary PCR was performed. The 
specifically amplified 631 bp band was separated by electnO' 
phoresis. After extraction and purification, this fragment was 3 
double-digested with EcoR 1 and Sal I. Tbe resultant 558 bp 
band was separated, extracted and then inserted into pMEX- 
neo expressioi i vector (59 ! 6 bp) double-digested with EcoR I 
and Sal I, lo thereby yield O-FGF-6/la/pMEXnec. This 
expression vector comprises die nucleotide sequence shown lo 
mSEQIDN0:6, 

6) Expression of O-FGF-6/la 

O-FGF-6/la was secrelcd uUo a culture supernatant by 
transfeiTingO-FGF6/la/pMEXneo into CHO-Kl cells in the 
same maimer as described above for S/FGF- 1 a- 11. ' ' 

7) Expression ofFGF- la in£^. coii 

The fragment from human FGF-la cDNA oblained by 
double digestion widi Eco Rl and Sa 1 1 as described above was 
incorporated into an E. cod expression vector pET3c. £. cofi 20 
BL2 1 (DE3)pLysS was transformed with the resultant vector. 
Subsequently, the transformant at Uie logarithmic growth 
phase was stimulated with EPTG (isopropyhhio-3-galacto- 
sidc) lo induce tiie expression of the transferred gene. The 
cells were collected and sonicated for disruption to tiiereby Z5 
release FGF- la , which was then recovered in a ceutri fixgation 
supernatant. 

8) Removal of N-Linked Sugar Chains by Peptide N-Gly- 
cosidase V Treatment 

N-FGF6/la-II concentrated with hcparin-ScpIiarose beads JO 
was boiled and elutetl m an electrophoresis buffer, as will be 
described later (see Test Example I ) . To a part of the resultant 
solution, NP-40 (final concentration: 1%), Tris-HCl bufTer 
{pH 7.5) and peptide N-g lyco sidase F (0 .3 U) were added and 
ttie mixmre was kept at 37** C. overnight. Then, the solution 35 
was heated at 100° C. for 3 min lo terminate the enzyme 
reaction. This reaction solution was analyzed by SDS-dena- 
tured electrophoresis, as will be described later. 

Various S/FGF- la and N-FGF-6/la genes can be prepared 
by appropriately altering the PCR primers (^^1 1 1 and #968) 40 
used in Preparation of a Human Ryudocan cDNA Frag- 
ment" and "L Preparation of a Mouse FGF-6 cDNA Frag- 
ment" in the above Example and by replacing the restriction 
cn^mc EcoR V with an appropriate enzyme which would 
generate a blunt eud. Examples of such cDNA sequences are 4S 
shown in SEQ ID NOS: 8, 20, 22, 24, 26 and 28. 

Various O-FGF-6/la genes can be prepared by replacing 
the template used iii the PCR in "'2, Preparation of O-FGF-6/ 
la Chnneric Gene" above witli S/FGF- la-ll/pBluescript U 
(KS+),N-FGF6/la-rv/pBiuescriptn(KS+)Qrtlie like, or by so 
appropriately altering the PCR primers (#098, #116 and 
ii\]5\ or by a combination of the both metJwds. An cxampJe 
of such a cDNA sequence is shown in SEQ ID NO: 30 


TEST EXAMPLE 1 55 

SDS -Denatured Etectrophoresis 

Jlepariri Sepharose beads added to conditioned media of 
various FGF- 1 a- like proteins-secreting cells were indivrdu- 60 
ally washed and then boiled directly with an electrophoresis 
buffer (containing SDS and 2-* mercaploetlianol). The eluted 
protcLii was used as a sample. This sample was electrophore- 
sed on 12.5% acrytamide gel in die j^-esencc of SDS and 
2*mercaptoethauol . After being electrically transferred onto a 65 
nitrocellulose membrane, the protein was stained with anti- 
FGF-I monoclonal antibody and horseradish peroxidase- la- 


belled anti-mouse IgG antibody, followed by detection by the 
chemiJuuiinescencc method (FIG. 4). In the Figure, the 
arrows at the leH side indicate the locations of sLmdard pro- 
teins with known molecular weights and their molecular 
weights (in da Hons). Panel A) shows an SDS-deiiatured elec- 
trophoregram of S/FGF- la-n. Panel B) shows SDS-dcna- 
tured electrophoregrams of FGF- la produced in £^ (lane 
a); N-FGF-la-IV obtained by hreating N-FGF-^/ln-IV with 
peptide N-glycosidase F for removal 0 fM- linked sugar ctiarns 
(lane b); N-FGF6/la-IV (lane c) and O-FGF-6/ta (lane d). 

TEST EXAMPLE 2 

DNA Syntjiesis Promoting Activity 

The cell cycle of HUVEC (hmnan umbilical cord-dcrived 
vascular endothelial cell) stops even ui the presence of 15% 
serum if growth factors such as FGF are lacking. S/FGF- la- 
U, N-FGF6/la-IV, O-FGF-6/la. or FGF- la produced in E. 
cofi was added to HUVEC in such a state. Eigiiteen hours 
later, radio- labelled tliymidine was allowed to be taken up for 
6 hours. The amount of radioactivity taken up into DNA 
during this period was regarded as indicating the amount of 
the newly synthesized DNA. 

1 , DNA Syutliesis Promoting Effect (Heparin Non-Depen- 
dent) of S/FGF- la-n on Human Vascular EndoUielial Cell 

A conditioned medium was prepared from a senin]-free 
medium of S/FGF-la-n gene- transferred cells. Tliis condi- 
tioned medium was dialyzed against PBS and then added to 
HUVEC in the presence (5 i^g/ml) or absence of heparin, for 
examining the DNA synthesis promoting activity of S/l^GF- 
la-n on HUVEC (FIG. 5A). As a result, unlike FGF- la 
produced in co//(FlG. 5B), S/FGF- la- a promoted the 
DNA synthesis of HUVEC in a non-heparin-dependeut man- 
ner (FIG. 5). 

2. DNA Syndiesis Promoting Effect of N-FGF6/hi-rv on 
Human Vascular Endothelial Cell 

A conditioned medium was prepared from ,1 serum- free 
medium of N*FGF-6/la-fV gene-transferred cells, lliis con- 
ditioned medium was dialyzed against PBS and then added to 
HUVEC in the presence (5 )ag/inl) or absence of heparin, for 
examining the DNA synthesis promoting activity of N -FGF6/ 
la- IV on HUVEC. As a result, like FGF- la produced in 
E=colt, N-FGF6/la-rV promoted the DNA synthesis of 
HUVEC- However^ its heparin dependency was weak» and 
N-FGF6/la-IV exhibited stronger DNA synthesis promoting 
activity than FGF-ta from E^coii in the absence of heparin 
(FIG. 8). 

. TEST EXAMPLE 3 

Heparin Affinity Chromatography 

The heparin affinity of S/FGF- la-II obtaijied in 2) in the 
above Example was examined. Heparin-Seplmrose beads 
were added to a conditioned medium of S/FGF- 1 a-ll- secret- 
ing cells and agitated at 4° C, for 2 hours or more. Beads 
precipitating by low speed cenirifugaiion were recovered and 
washed suflicicnUy in physiological PBS (phosphate buff- 
ered saliite, pH 7.4), followed by elution of tlie protein bound 
lo heparin- fixed beads with PBS containing 2.5 M NaCl. 
After addition of distilled water to lower tlie salt conccntia- 
don, this eluate was again applied to a high performance 
liquid chromatography colunm packed with heparu^ affinity 
beads. S/FGF- 1 a- H was eluted using NaCI density gradient. 

While FGF-la from J?. co//waselutedatabout 1 OMNaCI, 
S/FGF- 1 a-II was eluted at about 0.4 M NaCI. Tims, it appears 
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Uiat affinity to the fixed liepariii is iowercd in S/FGF-la-H 
(MO. 9). The small peak seen aiound 1 .0 M NaCJ in FIG. 9 is 
considered ic be a degradation product from S/FGF- 1 a- II as 
analyzed by SDS-denatured elecirophoresis. 

5 

TEST EXAMPLE 4 
niermostabiJity of FGF- S a -Like Proteins 

Conditioned media o f various FGF- la-Like protein-secret- \ o 
ing cells were individually dialyzed against PBS sufficiently. 
A part of each of the resuKant media was retained in PBS kept 
at 56^ C. or 70^ C. for 30 minutes, or retained at room 
temperature for 12 hours. Thereafter, the medimi* was re- 
dialyzed agnmst PBS at 4'' C. to prepare a sample. The sta- 15 
bili^ 0 f S/FG F- 1 a- n was detemiiiied by subjectiug it to BNA 
syntlie.?is promoting activity test on HUVEC after various 
trcFitments and then comparing the resultant activity with the 
activity of an S/FGF-1 a-llsample dialyzed against PBS at 4** 
C, for 1 2 hours (FIG. 6A), 20 

After retention at room temperature for 12 hours, evea the 
activity of £ c^/f -derived FGF- la was protected by heparin, 
but tlie activity of S/FGF- 1 a- II was protected regardless of the 
presence or absence of heparin {FIG. 6 A). 

A tier heal treatment at 56"* C. for 30 minutes, £. cod- 25 
derived FGF- 1 a was atmosi deactivated, but S/FGF- 1 a- n 
retained about 50% of tlie activity. Thus, it was considered 
that its themiostability was improved (FIG. fiB). 


30 


TEST EXAMPLE 5 

Acid Kesislancc and Alkali Resistance of 
FGF- la-Like Proteins 


Conditioned media 0 f various FGF- 1 a- like protein-secret- 35 
ing cells were individually dialyzed against PBS sufficiently. 
A part of each oftlie resultant media was dialyzed iu a citrate 


buffer (pH 4.0) or a sodium carbonate buffer (pH 10 0) for 12 
hours and then re-dialyzed against PBS at 4** C. to prepare a 
sample. The stability of S/FGF- la-IC was delennined by sub- 
jeciLng it to DNA synthesis promoting activity test on 
HUVEC after various treatments and then compariJig tJ;e 
resultant activity with the activity of an S/FGF-la-Il sample 
dialyzed against PBS at 4'' C. for 1 2 hours. 

The activity of S/FGF- 1 a- 11 deaeased little even after acid 
treatment at pH 4 .0 r^ardless of the presence or absence of 
heparin; thus, an improvement in acid resisiauce was recog- 
nized {FIG. 6A). After alkali treamient at pH 1 0.0, coh- 
derived FGF- la was almost deactivated, but S/FGF- la- 11 
retained about 50% of the activity; thus, an improvcmetit was 
also reooguized in alkali resistance (FIGS. 6A and 6B). 

TEST EXAMPLE 6 

Stability ofFGF-la-Like Proteins Against 
Proteolytic Enzymes 

Conditioned media of various FGF- la- like protein- secret- 
ing celts were individually dialyzed against PBS sufficiently. 
To a part of each of liie resultant media, trypsin solutions of 
varying concentrations (0.0001-0.1%) were added and kept 
at 37° C. for 1 hour. The thus obtained sample was subjected 
to the SDS-denatured electrophoresis described previously. 
The intensity of the remaining band was compared to the 
intensity of the band generated by the sample before trypsin 
treatment to give an indicator of stability. 

As a result, as shown in FIG. 7. 88% and 35% of the band 
intensity remained in S/FGF-la-n after 0.001% and 0.01% 
trypsin treatment^ respectively; howevcn the band intensity o f 
E. coli-dcrived FGF- 1 a decreased to 58% and even to 6% 
after 0.00 1% and 0.0 1 % trypsin ireamient, respectively. Thus, 
it was considered that the resistance of S/FGF- ta-ff (o pro- 
teolytic enzymes was increased (FIG. 7). 


SEQUENCE LISTING 


<160> NUHHKR OF EEQ TD HOS ; 31 

<210> GEO ID NO 1 
<2il> LENGTH: 221 
<312> TYPE: PRT 

<212> ORGANTSM: Artificial Eequenc-e 
<22Q> FEATURE: 

<?.2^> OTHER INTORMATIOH: Description of Artificial Sequetic* : fusion of 
sfjcjuence for a part of humAJi rydocan and a part of human 
Cibtoblaet growth factor l 

<4 00> SEQUENCE^ 1 

Met Ale Pro Ala Arg Leu Ptie Ala Leu Leu Leu Phe Phe Vnl Qly Gly 
IS 10 IS 

Val Ala Glu Set- lift Arg Glu Thr Glu Val lie Asp Pro Gin Asp Leu 
20 2S 30 

Leu Glu Gly Arg Tyr Phe Ser Gly Ala Leu Pro Aep Asp Glu A*p val 

3S 40 45 

Vol Gly Pro Gly Gin Glu Ser Asp Asp Phe Glu Leu Ser Cly Ser Giy 
55 60 

Afsp Ltfu Asp Asp Leu Glu Asp Ser Met llo Gly Pro Glu Vol Vol Hie 
6S 70 75 SO 

Pro Leu val Pro Leu Aep Ala Aen Tyr Lye Lys Pro Lys Leu Leu Ty^^ 
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85 90 95 

CyB Ser Aen Gly Gly His Phe Leu Arg lie Leu Pro Aep Gly Thr Val 
100 IQS 110 

Afip Gly Thr Arg AGp Arg ser Asp <51n Hie lie Gin Leu Gin L«u Ser 
lis lao 125 

Ala Cia her Vol Gly Glu Val lyr Jle Lys S*r Thr Glu Thr Gly Cln 
130 13S 140 

Tyr Leu Ala Het Asp Tlir Asp Gly l«u Leu Tyr Gly S«r Gin Hir Pro 
115 ]S0 155 160 

ASTi Glu Glu cyif L«*u Phe Lew Glu Arg Leu Glu Glu Aen Hie Tyr Asn 
16B 170 17S 

Thr Tyr rie Ser Lye Lys Hie Ala Glu Lye Aen Trp Phe Vol Gly Leu 
leO 185 190 

Lye Lye Asn Gly Ser Cys Lys Arg Gly Pro axcj Thr His Tyr Gly Gin 
195 200 205 

Lys Ala He Leu phe Leu Pro Leu Pro v*l S«r Ser Aep 

210 2lS 220 

<210> StO IP NO 2 
<21l> LENGl-H: 663 
<212> TyPE: CNA 

<21i> OHGAWISMi Artificial Sequence 
<220> FEATURE: 

<22^> OTHER INFORMATION: Description of Artiricial Sequence: Tusion of 

eequencTf? for a part of hum^n rydoccut and a part of hujnan 

fibroblast tfiowth factor 1 
<2J1? NAME/ KEY: CDS 
<222> LOCATIOK: iH.,{fi6M 

<400j. StWENCK: 2 

atg gcc ccc gcc cgt ctg ttc gcg ctg ctg ctg ttc ttc gta ggc gga 

net Ala Pro Ala Arg Leu Phe Ala Leu Leu Leu Pfie PJie val Gly Gly 
IS 10 15 

gtc ycc gag teg atc^ cga gag act gag gtc aCC gac ccc cag gac etc 9S 
Val Ala Clu Ser lie Arg Glu Thr Giu Val He Aep Pro Gin Asp Leu 
20 2S 30 

eta gaa ngc cga tac ttc tec gga. gcc cca cca gac gat gag gat gta 144 
Leu Glu Cly Arg Tyr Phe Ser Gly Ala Leu Pro Aep Aep Glu Aep Val 
35 40 45 

gtg gcjg ccc ggg cat} gao tct gat gac ttt gag ctg tct ggc tct gga 192 
v^l Gly Pro Gly Gin Glu Ser Aep Asp Pbe Glu Leu Ser Gly Ser Cly 
50 60 

gat ctg gat gdc ttg gaa gac tec atg atc ggc cct gaa gtt gtc cot 240 
Asp Leu Asp Aep Leu Glu Asp Ser Met Tie Gly Pro Glu Val Val His 

6& 70' 75 80 . 

ccc ttg gtg cct eta gat get aat tac aag aag occ aaa etc etc tac 2BB 
Pro Leu Val Pro Leu Aep Ala Aon Tyr Lye Lye Pro Lys Leu Leu Tyr 
BS 90 95 

tgc age aoc ggy ggc cac ttc ctg ogg atc ctt ccg gat ggc aca gtg 336 
Cys ser Asn Gly Gly His Phe T^eu Arg He Leu Pro Asp Gly inr vai 
iOD 10^ 110 

got ggg aca agg gac agg age gac cag cac ntt cag ctg cag etc agt 394 
A6p Oly Thr Arg Aep Arg ser Asp Gin Hie He Gin Leu Gin Leu Ser 
115 120 125 

gcg gaa age gtg ggg gag gtg tat at«k aag agt acc gag act ggc cag 132 
Aln Glu Ser Val Oly Glu Val Tyr He Lys Ser Thr Glu Thr Gly Cln 
UO 135 140 

tac ttg gcc atg gac acc gac ggg Ctt tta tac ggc tea cag aca cca 180 
Tyr Leu Ala Het Aep Thr Aep Gly Leu Leu Tyr Gly Ser Cln Thr Pro 
145 150 1&5 160 
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aat gag gaa tgt tCg ttc ctg g^a agg ctg gjtg gag aac cot tac aac 528 
Asn GLu Glu eye Leu Phe i.eu Glu Arg Lieu Glu Glu Aen Hie Tyr Asn 
16S 170 175 


acc t4t ata tec aag aag cat gca gag aag aaC tgg ttt gtt qgc etc 

Thr Tyr Tie Set: Lye Lye Hie Ala Glu Lya Asn Trp Phe Val Gly Leu 
180 les 190 


576 


Aag aag ernt qgg age cgc aaa cgc g<st ccc cg0 act cac tac ggc cag 
Lye Lys Asn Gly Set Cye Lyn Arg Qly Pro Arg Thr His Tyr Gly Gin 
195 200 20S 

aaA ac4 ate ttg ttt etc ccc cty cca gtc tct tct g«t 663 
Lye Ala Xlo Leu Phe l^u Pro Leu Pro Val Ser Ser Asp 
210 21S 220 


<2}0^ StO ID NO 3 
<2ll> LENGTH: l'?b 
<212> TVPEr PUT 

<23 3> ORGANISM: Artificial Sequence 

<2Z0> FfvATUftE; 

'c22l> OTHER INFORMATION; Description of Artificial Sequoncei fuaion oC 
fiequtnce for a pact of mouse fibrohlasc growth factO£^ -S and 
a part of human fibtoblaet growth factor 1 

<400> SKQUENCEi 3 

Met Ser Atg Gly Ala Gly Arg Vol Gin Gly Thr Lou Gin Ala L&u vm 
IS 10 15 

Phe Leu Gly val Leu vol Gly Met val val Pro Ser Pro Ala Cly Ala 
30 25 30 

Arg Ala Aen Cly Thr L^u Leu Asp Ala Asn Tyr Lys Lys Pro Lye TjOU 

no 45 

Leii Tyr Cye Ser Aen Gly Gly Hia Phe L^u Arg iie Leu Pro Asp Gly 
50 SS 60 

Thr Val Aep f;ly Thr Arg Asp Arg Ser Asp Ciln His He Gin L^u Gin 
6S 70 7S 30 

Leu Ser Ala Glu Ser Vul Gly Glu Val Ty^ He Lys Ser Thr Glu 'Oir 
85 90 9S 

Gly Gin Tyr Lea Ala Met Asp The Asp Cly Leu Leu Tyr Gly Ser Gin 

100 105 no 

Thr Pro Atfn Glu Clu Cys Leu Phe Leu Clu Arg Leu Glu Glu Asn His 
115 120 12S 

Tyr Asn Thr Tyr He Ser Lys Lys Hie Ala Glu Lya Asn Trp Phe Val 
130 lis 110 

Gly UfU Lya Lye Aen Gly Ser Cy^ t^Y^ A^Q Gly Pro Arg tlir His Tyr 
145 ISO 155 160 

Gly Cln Lys Ala He Leu Phe Leu Pro Leu Pro Val S&r Ser Aep 

165 170 ns 


<210> SeO ID NO 4 
<2U> LEtJGTK: SaS 
^212> TYPE: ONA 

<2i:i> OBGAKISM: Artificial Sequence 
<a2n> FEATURE; 

<223> <yrHEH iKPOnMATlOM: Description of Artificial Sequence: fusion of 
eequ<,>ncc for a part of nioue« fibroblast growth factor 6 and 
ji part of hwnan fibroblast growth factor 1 

<221> NAME/KE5f: CDS 

<222> LOCATION: (1)..1&2S) 

acg ccc egg gga gca gga cgt gtt cag ggc acg ctg cag get etc gtc 46 
Met Ser Arg Gly Ala Gly Arg Val Gin Gly Thr Leu Gin Ala Leu val 
1 S 10 15 
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Ltc ttft ggc gtc ctn gtg ygc atg gtg gtg ccc tea cct gcc ggc gcc 96 
Phe Leu Gly val Leu val Gly M*i: VbI vaI Pro Ser Pro Alft Gly Al« 
20 25 30 

cgc gcc flftc ggc acg ct* ctg gac get aat tac aAg a.ag ccc aaa etc 144 
Arg Alfl Aen Gly TMr Leu Leu Aep Ala Asa lyr Lys Lys Pro Lya ueu 
35 40 4B 

etc tac tgt age aac ggg ggc cac ttc ctg «gg ate cct ccg gat ggc 192 
i.Ru Tyt Cys Ser Asn t5ly Gly Hie phe L-eu Arg He Leu Pro Aep Gly 
SO 5S 60 

aca gtg gat gyy a era agg gac agg age gac cag cac att cag ctg cag 240 
Thr Val ABp Gly Thr Arg Asp Arg $t;r Asp Gin Hifi lie Gin Leu Gin 

bs 70 75 eo 

etc qgt gcg gas age gCg ggg gag gtg tat ata aag agt acc gag act 269 
Leu Ser Ala Glu Ger Val Gly Glu Val Tyr lie Lys Ser Thr Glu itir 
85 90 95 


336 


ggc cag tac ttg gcc atg gac acC gac ggg Ctt tta tac ggc tea cag 

Gly CI n Tyr Leu Ala Met Aep Thr Asp Gly Leu Leu Tyr Gly Ser Gin 

luo 105 no 

acft cca aat gag gaa cgt ttg ttc ctg gaa agg ctg gag gag aac cat 384 

Thr Pro Asn Glu fjlu fJys Ueu Phe Leu Glu Arg Leu Glu Glu Asn His 
lis 120 125 

tac aac acc tat ata tec aag aag eat gea gag fiag aat tgg ttt gtt 432 

Tyr Asn Thr lyr Tie Ser Lye Lys Hi a Ala Glu Lys Asn Trp Phe Val 

l-'in 13S 140 

ggc etc aag aag aai. ggg age tgc aaa cgc ggt cct egg act cac tat 480 

Gly Leu Lys Lye Asn Gly Ser Cys Lye Arg Gly Pro Arg Ttir His tyr 

145 150 15S 160 

ggc cag aaa gca ate ttg ttt etc ccc ctg cca gtc tct tct gat 525 

Gly Gin LyE Ala Jle Lou Phe Leu Pro Leu Pro val ser Ser Asp 
165 no 17S 


<2^0> £eO in mO 5 
<:211> LENGTH: 181 
cat2> TYPEt PRT 

<212> ORGANISM: Artificial Sequence 
<220> FEATURJK; 

<223> OTHER INFORMATION: Description of Artificial Sequence: fusion of 
sequence Cor a part of mouse fibroblast growth factor 6, 
a part of human fitiroPlaet growtii E actor 1 and an artificial 
sequence 

<400*> snQui:Hre: s 

Met Sei Aig Gly Ala Gly Arg Vol Gin Gly Thr Leu Gin Aid Leu val 
IS 10 15 

Phe Leu Gly val L&u Val f;ly Met Val Val Pro Ser Pro Ala Gly Ala 
20 25 30 

Arg Ala C'ln CJly Thr Leu Leu Aep Ala Aen Tyr Lye Lye Pro Lys Leu 
35 40 4S 

i^ii Tyt Cya Ger Aen Gly Gly His Phe Leu Arg He Leu Pro Asp Gly 
St\ 55 GO 

Thx Val Asp Gly Thr Arg Aap Arg Ser Asp Gin His He Gin Leu Gin 
6S 70 '?5 80 

Leu Ser Ala Giu Ser Val Gly 01 J val Tyr lie Lys Ser Ttjr Glu Utr 
BS 90 9S 

Gly Gin Tyr Leu Ala Met Asp Thr Asp Gly Leu Leu Tyr Gly Ser Gin 

100 105 no 

Thr Pro Aen Glu Glu Cya L.eu Phe Leu Glu Arg L«U Glu Clu Ala Ala 
115 120 125 
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Glu Lye Afifi Trp Phe val Gly Leu Lya L-ys Aon Gly ser Cys Lys Arg 

145 1 5fl iSS 160 

Gly Pro Arg Thr Hie Tyr Gly Gin Lys Ala Xle l>eu Phe ii€u Pro Leu 

165 170 175 

Pro Vai Eer Ser Asp 

180, 


<210> SEQ TD NO 6 
<211> LENGTH: 543 
<r212> ^rVPE: DMA 

<31J> OHGANJSM: Artificial SHquence 
<220> FEATURE: 

<222> OTHEH TNFORKATIONr Description of Artificial Seqgenc* : fusion of 
sequence for a pArt of moHPo fibroblast gron^th factor 6, 
a part of huAion fibroblast growth fACtor 1 and An artificial 
sequence 

<221> NAME/Key: CDS 

<222> LOCATTONj U).^<543J 

<4aO:^ SEQUENCE: 6 

atg tec egg yga gca qga cgt gtt cag ggc ocg ctg cag get etc g^c 48 

Met Ser Arcj Gly Ala c;iy Arg Val Gin Gly Thr Leu Gin Ala Leu Val 

1 & IQ IB 

etc tta ggc qtc eta gt<j ggc atg gtg gtg ccc tea cct gcc ggc gcc 96 
PJic Lpu Gly Vol Leu Val Gly Met Val Val Pro Ser Pro Ala Gly Ala 
?.0 25 iQ 

cgc gcc caa ggc acg cLa cLg gac get aat tac aag aag ccc aaa etc 144 
/\rg Ala Gin Gly Thr Leu Leu f\sp Ala Asn Tyr Lya Lys Pro Lya Leu 
35 40 45 

etc tac Lgt age aac ggg ggc cac tic ctg agg ate cct ccg <jftt ggc 192 
Leu Tyr cys Ser Asn GJy Gly Hiti pne ueu Arg lie Leu Pro Atp Gly 
50 55 60 

acil (jtg gat ggg aca agg gac agg age t?ac cag cac ntt cag ctg cag 240 
Thr Val AKp Gly Thr Arg Asp Arg Ser Aap Gin His ll& Gin t*u Gin 
65 70 7S fia 

etc ttgt gcg gftA age gtg ggg gag gtg tac ota aag Bgt acc gag act 2B9 
Leu Ser Ala Glu Ser Val Gly Glu Vol Tyr He Lya Ser ITir Glu rht: 
8b 90 95 

ggc cag tac ttg gcc atg gac acc gaC ggg cCt tta tac ggc tea cag 33 6 

Gly Gin Tyr Leu Ala Mot Asp Thr Aep Gly ueu Leu Tyr Gly Ser Gin 

lOO IDS 110 

aca cc« aj^t gsg gaa tgt ttg ttc ctg gaa agg ctg gftg gag get get 384 
'VhT Pro Asn Glu Glu Cys Leu Phe Lea Gla Arg Leu Glu Glu AlA Ala 
115 ]2D 125 

act CCA get cca aac cat tac aac aqc tat ata tec aag oag cat gca 432 
Thr Pro Ala Pro Atsn Hie Tyr Asn Thr Tyr He Ser Lys Lys His Ala 
130 13S 140 

gag aag aat tgg ttt gtt ggc etc aag aag aat ggg age tgc afta cgc 490 
Glu Lya Asn Trp Phe Val Cly Leu Lya Lye Asn Gly Ser. Cys Lys Arg 
145 150 155 160 


gqt cct egg act cac tat ggc cag aan gca Ate ttg ttt etc ccc etg 
Gly l^ro Arg Thr Hitt tyr Gly Gin Lys Ala He Leu Phe Leu Pro Leu 
16b 170 175 

ccn gtc tec cct gat 
Pro val Ser Ser Asp 
180 


526 


543 


<210> ZEQ ID NO ^ 
<2H> LENGTH: 30 
<212> TYPUt CNA 

<213> ORCANtSH: Artificial Sequence 
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<X2.t> OTHER JHFOHMATION: ntescription Of Artificial Sequence : primer* for 

PCR 

<404» SliQUENCE: T 

ttgccgaccc accatggccc ccgcccgtct 


<:210> SEQ ID NO 6 
<:2il> LE^JGTH: 26 
<2\2> TYl'E; DNA 

<21J> ORGANISM: Artificial Sequence 
'^220> PEATUftE: 

<X23> OTHER INFORMATIOM : Description of Actiflciai Sequence: printer for 
pen 

<^00> SEQUENCE: fl 


<;^2 0> S£<J ID NO S 

LENGTH: 3S 
<?,12> TYPE: ONA 

<:2l3> ORrjANlSH: Artificial Sequence 

-:Z2^> FEATURE: 

<22y> OTHER INFORMATION! Description of Artificial Sequence : primer for 
<400> SKQUENCE: 9 

c|t:T|tcgArng cgctaattac aagcagccca oactc 
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<210> SCO ID NO 10 
<211> LENGTH; 33 
<212> TVPEr DMA 

*;213> OrGAWISM: Artifioifll Sequence 

<?,20> FEATURE: 

Othlk INtORMATtOM ; Oeecription at ArLificial Sequence ; primer for 
<400> SEQUENCE: lO 

<:-c;gaatCciifl at tec tea at cagaagagoc tgg 3 3 


<210> SEO IC NO 11 
<SU> LENGTH: 64 
<212> TYPE: DNA 

*.2i3> ORGAKTSM^ Artificial Sequence 

<:220> FlvATURK: 

<22i> OTHER IWFORMATION: Deecripti on of Artificial sequence : primer for 
PCR 

-;/ioc> sequence:: li 

ycgtcgaccc accatgtccc ggggsgcagg acgtgttcag ggcacgctgc aggctctcgt i 
ctcc ' 


<210> SEQ :D Nt> 12 
<21l> LEWTH; 29 
<2ia> TYPE: 

<2n> ORGAWISMr Artificial Sequence 
<220> FEATURE: 

<222> CmiEH rHPORMATION: Description of Artificial Sequence: primer for 
<iOO> SEQUENCE: 12 

ycgatatcca gtogcgtgcc gttggcpcg < 


<21D> SEQ ID NO 13 
<2U> LJlWTW : Ifl 
<;212> TVPE: OKA 
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<2li> ORGANISM; ArtAElCiftl S«liiftncG 
<22<i> FEATURE: 

<72i> <jrniEtK INFORMATION: Description of Axtificifll Sequence ^ primer for 
PCB 

*40a> SEQUENCE: 13 


<aiO> SEQ ID NO 14 
-:2U> I.EHOTH; 29 

<313> ORGANISM: Artificial Sequ<?nce 
<2ZQ> FEATUftE; 

<22^^ OTH^:r rMPQBrtATION : Description of Artificial Seefuence i pr imer for 
PCR 

<4aO> SKQUENCE: 14 

^cgataccca gtftgcgcgcc ttgggcgcg ' 


<210> SKO ID MO 15 
c211> i^NGTH; 3B 
<212> T¥PE: CNA 

*2].3> ORGAWiSHr Artificial Spquence 
<220> FRATURt;; 

<223> OTHEH iNFORHATiONi Description of Artificinl Sequence : pr imer for 
<^aO> SRgaF3sfC£; 15 

ficf-ggagyjcj gctyctactc oagctccaaa ccattacft ^8 


^2H}> Sty ID MO 16 
<211> LENOTO: 21 
<212> TVPE; CNA 

<213? QKGANISM: Artificial Sequence 
<2ZGy FEATURES 

<22^> OTHER INFORMATION; Descripti<jn of Artificial Sequence : prijner for 

PCR 

<AOO> SEQUEHCEi 16 

qcogctctag aactagtgga t 21 


<Z^0> SBQ Tt) NO n 
*:2n> LENCJTH; 200 
c212> TVPF: PflT 

<2U> ORGANISM! Artificial Sequence 
<2a05 FEATURE: 

<22J> OTHtR INFOhMATJON: description ot Artificial Sequpnce: fusion of 
sequence for a part of humfln ryudocan ancl a part of Human 
fibroblast growth factov l 

<Wl> SEQUEHCE: I"} 

Met JKlti Prn Ala Atrg t,eu Phe Ala 1am Leu Leu Ph« Phe Val Gly Gly 
15 10 15 

val Ala Giu set lU Arg Glu Ttir GIu Val tie Asp pro Q\n Asp Leu 
20 25 30 

Glu Cly Arg Tyr Ph* S*r Gly Ala Leu Pro Asp Asp Glu Aep Val 
3S 'lO ^5 

Vfll Gly Pro Gly Gin Glu Ser Asp Asp Phe Glu Leu Ser Gly Ser Cly 
50 SS 60 

Atrp Ala Aen i^yr Lys Lye Pro Lye Leu Leu Tyr Cys Ser Asn Gly Gly 
65 TO 75 80 

His Phe Leu Arg lie Leu Pro Aep Gly 'fhr Val Asp Gly Thr Arg Aep 
as 90 95 
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AtrtT Sec AGp Gin Hie He Cin Leu Gin Leu S«r Ala Glu Ser Val Gly 
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Glu Val lyr lie Lys Set Thr Glu Thr Gly Gin Tyr Leu Alfl Met Asp 
US 120 125 

Thr Aep Gly Lea Leu Tyj: Gly Ser Gin Tfir Pro Asn Glu Glu Cys Ueu 
no 135 140 

T>he Ijeu Glu Arg Leu Glu Glu Asn His Tyr Asn Thr Tyr He Ser Lys 
14S 150 155 160 

Lye His Ala Glu Lys Asn Trp Phe val Gly Leu Lys Lys Asn Gly Ser 
165 170 L76 

Cye Lya Aig Gly Pro Arg Thi* Hie Tyr Gly Gin Lys Ala He Leu Phe 
IfiO 195 190 

Lou prti r^iu Pro val Ser S*r Asp 
lyS 200 


<210> GEQ ID NO IB 
<Zll> LENG'm: 600 
<iZl2:>' TYPE: DNA 

<213> OnGANISW: Artificial Sequence 
<220> FEATURE; 

<223> OTHER INFORMATION: Pe script ion of ArtiCiclnl Sequence; fusion of 
sequence for a part of hujtan ryudocan and a part of humari 
fibroblast growth factor 1 

<:221> NAME/KEY 1 CPS 

<222> U>CATa0^f: (1J.,(600) 

<400> SEqUE:NClr: IB 

aty (jcc era gcc cgt ctg etc gcg ctg ctg ctg etc ttc gtQ ggc gga dfi 
Met Ala Pro Ala Arg Leu Phe Ala Leu Leu Leu Phe Phe val Gly Gly 

1 10 IS 

gtc gcc gag teg ate cga gag act gag gtc ate gac ccc cag gac etc 96 
Val Ala Giu Ser He Arg Glu Thr Clu Val He Asp Pro Gin Asp Leu 

30 25 30 

clfl gda Ljgr ciju toe tcc Ccc gga occ ctQ. cca gac gttt gag gat gCa 144 
Leu Glu Gly Arg Tyr Phe Ser Gly Ala Leu Pro Aep Asp Glu Asp Val 
35 40 4S 

gtg ygg ccc ggg c^g goB tct gat gac etc gag ctg tct ggc tct gga 192 
Vol Gly Pro Gly Gin Glu Ser Aep Asp Phe Glu Leu ser Gly ser Gly 
S5 60 

gat gcc aat tac aag aag ccc aaa etc etc tac tgt age aac ggg ggc 240 
Asp Alft Asn Tyr Lye Lyfi Pro Lys Leu Leu lyr Cya Ser Asn Gly Gly 
65 70 75 80 

cac ttc ct<i aga ate ctt ccg gat ggc aca gtg gat ggg aca agg gee 2flB 
His phe Leu Arg tie Leu Pro Asp Gly Thr val Asp Gly Thr Arg Aep 
eS 90 95 

agy age gac cag cac att cag ctg cag etc ngt geg goa ogc gtg ggg 33 6 

Arg Ser Asp Gin His lie Gin Leu Gin Leu Ser Ala Glu Ser Val Gly 
100 105 HO 

gacf gtg Lat at a aag agt acc gag act ggc cag tac Ctg gcc: ^cg gac 164 
Glu Vftl ryr He Lys Ser Tnr Glu Thr Gly Gin Tyr Leu AlA Met Aep 
HS 120 12S 

acc gac ggg ctt tta tec ggc tea cag aca cca aat gag gnA tgt ttg 432 
Thr Afip Gly tieti Leu Tyr Gly Ser Gin ITir Pro Asn Glu Glu Cys Leu 
HO 135 140 

ttc ctg gad agg ctg gag gag aac cat cac aac acc tat ata tcc aag 490 
Phe Lcsu oiu Arg Leu Glu Glu Asn Hie Tyr APn Thr Tyr He Ser Lya 
145 150 155 160 


aag cat gca gag aag ant tgg ttt gtt ggc etc aag oag aat ggg age 
Lys Hie Ma Giu Lys Asn Tip Phe Vol Gly L^u Lys Lya Asn Gly Ser 
i65 170 175 


52 e 


tgc oaa cgc ggt cct egg act cac tat ggc cag aaa gca ate ttg ttt 576 
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eye Lys Arg Gly Pro Avg Thr His Tyr Gly Cln Lye Ala He Leu Phe 
130 IBS 190 

etc ccc cttj cca gtc tct tcC gat 600 
l^u Pro 1*^11 Pro Vol Ser Ser Asp 
19S 200 

<210> SEQ ID NO 19 
<2n> LENO'lH^ 20Q 
<212> lyPE: PRT 

<213> OR<iANISM: Artificial Sequence 
v-230> FEATURE: 

<23.^> OTHER TNFORHATION; Description of Artificial Seeiuencei fusion of 
sequence for a part of human ryudocon mutant and A part of humAn 
fibroblast growth factor I 

Met Ala Pro Ala Arg Leu Phe Ala Leu t*U Leu Phe Phe Val Gly Gly 
15 10 15 

Val Ala Glu Ser Tie Arg Glu Thr Gla Val He Aap Pro Gin Aep Leu 

20 25 30 

Leu OJu Gly Arg Tyr Phe Ser Gly Ala Leu Ser Asp Asp Olu Asp val 

AO 45 

Val aiy ?v<y Gly Gin Glu S«r Asp Asp Ptt« Glu Leu Ser Gly Ser Gly 

SO 55 60 

Asp Ala Aen Tyr Lys Lys Pro Lys Leu Leu Tyr Cye Ser Aan Gly Gly 
6S 10 75 80 

lias Phe Leu Arg lie Leu Pro Asp Gly Tlir Val Acp Gly Thr Arg Asp 

90 95 

;vrg Ser Asp Gin His He Gin Leu Gin Leu Ser Ala Glu Ser Val Gly 
100 lOS 110 

Clu Val Tyc Tie Lys Ser Thr Glu Thr Gly Gin Tyr Leu Ala Met ABp 
lis 120 125 

Ttir Asp Gly Leu Leu Tyr Gly Ser Gin Thr Pro Aen Glu Glu Cya l#eu 
130 135 140 

Phe Leu Glu Arg Leu Glu Glu Asn His Tyr Asn Thr Tyr lie Ser Lye 
145 150 155 leo 

Lyfl Hie Ala Glu Lys Aen Trp Phe Val Gly Leu Lys Lys Asn Gly Ser 
165 170 175 

Cya Lys Arcj Gly Pro Arg Thr His Tyr Gly Gin Lys Ala lie Leu Phe 
190 186 190 

Leu Pro Leu Pro Val Ser Ser Asp 

} 9f> 200 


<210> SEQ lt> NO 20 
<211> UiWU'l'H: 600 
<21Z> TYPE: DHA 

<21i> ORGANISM: Artificial 'Sequence 
<?.?0> FEATURE: 

<'223> OTHER IbTFORMATlOW ; Description of Artificial Soquencet fuaion of 
^ec^uenee for a part of human ryudocon mutant and a part of human 
fibroblast growth factor 1 

<22X> NAHE/KEV: CDS 

<22Z> location; ri»^ -^600^ 

<A00> SEQl/QJCE: 20 

atg gcc ccc gcc cgt ctg ttc gcg ctg ctg ccg tec etc gta ggc gga 48 

Met Ala Pro Ala Arg Leu Phe Ala Leu Leu Leu Phe Phe Val Gly Gly 
15 10 IS 


gtc gcc gag tcy ate cga gag act gag gcc ate gac ccc cag gac etc 
vaJ Ala Glu Ser He Arg Glu Thr Glu val He Asp Pro Gin Aep Leu 
20 35 30 


96 
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eta qaa ggc cya Uac ULc tec gyo gcc eta tea gac gat gttg gat gta 144 
Leu Glu Gly Arg Tyr Phe ?er Cly Ma Leu Ser Asp Aep Glu ABp Val 
35 40 

cttg qcfq ccc gga cac| gaa tct gac gac ttt gag cCg tct ggc tct gga 192 
v«l GLy Pro GJy Cln Glu S^r Asp Asp Phe Glu L*u Ser Gly Sex Gly 
sn 5S 60 

gtit get flat ta<: aag aag ccc aaa etc etc tac tgt age aac ggg ggc 240 
Aep Ala Afin )^y^ I'Vs PV^o Lya Leu t«u 'iyx Cy& Asn Gly Gly 

6S 70 7S 80 

one ttc ctg agg ate ctL ccg gat ggc ftca gtg gat ggg agg gac 2B8 
Hie Phe Leu Aig lie Leu Pro Asp Gly Thr val Asp Gly Thr Arg Asp 
es 90 9$ 

agg age gac cag cac atc cag ctg cag etc agt gcg gaa age gtg ggg 33 6 

Arg Ser Asp GXn His lie CLn ueu Gin Leu seir Ala Glu Ser Val Gly 
100 lOS 110 

gag gtg tat ata aag age acc gag act ggc cag rao Ccg gcc atg gac 384 
Glu Val IV f 3:ie Lye Ser "Thr Glu Thr Gly Oln Tyr Leu Ala Met Asp 
115 120 13S 

acc gac ggg ctt tta tac ggc tea cag aca cca aat gag gaa tgt ttg 432 
Thr Asp Gly Leu Leu Tyr Gly Ser Gin Thr Pro Apn Glu Glu Cye Leu 
130 13S 140 


ttc 

ctg 

gaa 


ctg 

gag 

gag 

aac 

cat 

tac 

aac 

acc 

tat 

ata 

tec 

aag 

480 

Phe 

Leu 


Arg 

Leu 

Glu 

Clu 

Asn 

His 


Asn 

Thr 

Tyr 

lie 

Ser 

Lys 


14^ 





ISO 





155 





160 


aag 

cat 


gag 

aag 

aat 

tgg 

ttt 

gtt 

ggc 

etc 

aag 

aag 

flAt 

gg? 

age 

528 

r.ya 

His 

Al a 

Glu 

Lys 

Asn 

Trp 

Phe 

Vol 

Gly 

Leu 

Lys 

Lys 

Asn 

Gly 

Ser 






\6S 





170 





175 



tgr 

aaa 

r.qc 


t 

egg 

act 

cac 

tat 

ggc 

cag 

aaa 

gca 

atc 

teg 

tct 


Cys 

Ly [5 

Ary 


Pro 

Arg 

Thr 

Hi B 

Tyr 

Gly 

Gin 

Lye 

Alo 

lie 

Leu 

Phe 



IBO ^SS 190 

etc ccc ctg cca gcc tct tct gat SOO 

Lf*u Pro T^u Pro val Ser Ser Atip 

19S aoo 


<2I0> SEO ID NO a 1 
<211> LENGTll: 2S4 
<212> TYPE; PRT 

<213> ORGANISM: Arcificifll Sequence 

<220> FEATURE: 

<223^ OTHER rNFORWATTON; Description of Artificial Sequence: fusion of 
sequence fot a pflL't Of human ryuiiocan and a part of hximan 
fibroblast growth factor 1 

<4D0> SEQUENCE^ 21 

Met Ala Pro Ala Arg Leu Phe Ala Leu Leu Leu Phe Phe Val Gly Gly 
1 S 10 15 

Vol Ale Glu Ser lie Arg Glu Thr Glu Val He Asp Pro Gin Aflp Leu 

20 2S 30 

l.eu Glu Gly Arg Tyr Phe Ser Gly Ala Leu Pro Asp Asp Glu Asp Val 
J5 40 45 

Val Gly Pro Gly Gin Glu Ser Asp Asp phe Glu Leu Ser Gly Ser Gly 
SO 55 60 

Asp Leu Asp Aep t-eu Glu Afip Ser Ket lie Gly Pro Glu Val val Hi a 
65 70 75 80 

Pro Leu Val Pro Leu Asp Asn His He Pro Glu Arg Ala Gly Ser Gly 
B5 90 95 

Ser Gin Val Pro Thr Glu Pro Lye Lye Leu Glu Glu Asn Glu val He 
100 105 110 


Pro r-ya Arg He Ser Pro Val Ala Aen Tyr Lye Lys Pro Lye Leu Leu 
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115 120 IZS 

Tyr Cys 5er Asri Gly Gly Hie Phe Leu Arg lie Leu Pro Asp Giy iDr 
130 135 140 

Val Aup Gly Tlir Arg Aep Arg Ser Asp Gin His lie Gin Leu Gin Leu 
MB 150 155 160 

Ser Ala Glu Ser Val Gly Glu Val Tyr He lye Ser Thr Glu *mr Gly 
i65 170 175 

Gin Tyr Leu Ala jdet Asp Thr ASp Gly Leu Leu Tyr Gly Set Gin T^ir 
160 IBS 190 

PiO Aen Glu Glu Cye Leu Phe Leu Glu Arg Leu Glu Glu Aan Hie Tyx 
19$ 200 20S 

Asn Thr Tyr Tie Ser Lys Lys wis Ala Glu Lye Asn Trp Phe val Gly 
210 215 220 

Leu Lye Lya Afih Gly Ser L'ys Uye Arg Gly Pro Arg Thr His Tyr Gly 
225 230 235 240 

Gin fjiys Ala Tie Leu pho L.eu Pro Leu Pro Vul Ser Ser Aap 
2^5 250 

^;?1D> 3EQ ID NO 22 
<211> LENGTH; 762 
<Pia> TYPE: CNA 

<313s ORGANTSMy Artificial Sequence 

<220> FEATtJHE; 

«223> OTHER INFORKATION ; Description of Atrtiricial Sequence: fusion of 
Kequenrre for a. part of human ryudocon and a part of hujnan 
fibroblast growth factor 1 

<221> NAME/KEY: CPS 

<222> LOCATION: <1)..(762) 

at(j qcc ccc gcc cgt ctg ttc gcg ctg ctg Ctg ttc ttc gta ggc gga 40 
Hct AIn Pto Al4 Arg Leu Phe Ala Leu Leu Leu Phe Phe Val Gly Gly 
15 10 IS 

gtc y^c gag teg Ate cga gay act gag gtc ntc gftc etc cag gac etc 96 
val Ala Glu Ker He Arg Glu -Thr Glu Val lie Aep Pro Gin Asp Leu 
20 25 30 

eta gaa ggc cga tac ttc tec gga gcc eta cca gaq gat gog gat gta 144 
Lou Glu Gly Arg 'lyr Pha S^t Gly Als Leu Pro Asp Aap Glu Aep Val 
15 40 45 

gLg ggq ccc ggg cag gaa tct gat gac ttt gag ctg tct ggc tct gga 192 
Val Gly Pro Gly Gin Glu Ser Asp Aep Phe Glu Leu Ser Gly Ser Gly 
50 55 60 

Ont ctg gat gac ttg gaa gac tec atg ate ggc cct gaa gtt gtc cat 240 
Aep I^u Asp Asp Leu Glu Asp Ser Met ll9 Gly Pro Glu Val Val His 
65 70 75 80 

ccc ttg gtg cct eta gat aac cat ate cct gag agg gca ggg tct ggg 2Q6 
Ptu lAiu Val Pro Leu Asp Asn Hie He Pro Glu Arg Ala Gly Ser Gly 
fl5 90 95 

age caa gtc ccc acc gaa ccc aag aaa eta gag gag aat gag gtt ate 336 
Ser Gin Val Pro Thi Glu Pro Lye Lya Leu Glu Glu Aan Clu Val Tie 
100 105 110 

ccc flag aga Btc tea ccc get gcc ant tac aag aag ccc aaa etc etc 364 
Pro Lys Arg ll$ Ser pro Val Ala Asn Tyr Lye Lys Pro Lys Leu t*u 
115 120 125 

tnc tgt age aac ggg ggc cac ttc ctg agg ate ctt cog gat ggc aca 432 
Tyr eye Ser Asn Gly Gly His Phe Leu Arg He Leu Pro Asp Gly Thr 
130 1J5 140 

gtg gat tigg aca agg goc agg age gftu cog cac att cag ctg cag etc 490 
Val Asp Cly *VhT Arg Asp Arg Ser Asp Gin Hie Tlo Gin Leu Gin ueu 
14S 150 ISS 160 
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<igt gcc} gaa ocjc gtrj ggg gag <ity tat ata aag agC ace gag acL ggc 52d 
ser Ala Glu Scr Val Gl/ Glu Val Tyr Tie Lys Ser Thr Glu Thr Gly 
165 no 1*75 

cag tAC LLg gcc atg gac acc gac ggg ctt tta tac ggc tea cag aca 576 
GLn 'lyr Leu Ala Met Aep Thr Aep Gly tAii i^eu Tyr dy Ser Gin Thr 
IBQ IBS 190 

cca dAt gag gaa tgt ttg ttc ctg gaa agg ctjg gag gag aac cat tac €24 
Pro Asn Olu Glu Cys Leu Phe Leu Glu Axg L&n Glu Clu Asn Hie Tyr 

200 205 

4ac acc tat aCa tec atxg aag cac gca gag sag aaC tgg ttt gtt ggc 672 
Aen Tht Tyr He Ser Lya Lya His Ala Glu Lys Abji Trp Phe Vol Gly 

310 21S 330 

etc aag flag aat ggg 43c tgc aaa cgc ggU cct egg act cac tot ggc 720 
Leu Lye Lys Asn Gly ser Cys Lys Arg Gly Pro Arg Thx Hio Tyr Gly 
225 230 24n 

cag aaa gca ate ttg ttt etc ccc ecg cca gcc tct tct gat 762 
Gin Lye Ala lie Leu Pho Leu Pro Leu Pro Val Ser Ser Aep 
14S 250 


<2ia> SEO JD NO 23 
c211> LENGTH: 281 
<212> TVPE: PRT 

<21J> ORGANISM: Artifi(;ial Sequence 

<27-0> FEATUUii; 

<22i> OTHER CHFORMATlONi DOfiCr iptim of ArtifieiaL Sequence: fusion of 
Bftquence for a part of iiuman ryudocan and a part of human 
fibttfblaet growth factor 1 

<400> SEUUflNCE: 23 

MQt Ala Pro Ala Arg L«u Phe Ala Leu Leu Leu Phe Phe Vai Gly Gly 

IS 10 IS 

Val Ala Clu Ser JV& Arg Glu Thr Glu Val lie Asp Pro Gin Asp Leu 

20 25 50 

Leu Glu Gly Arg Tyr Phe Ser Gly Ala Leu Pro Asp Asp Glu Asp Val 
35 AO AS 

Vai Gly Pro Gly Gin Glu Ser Aep Asp Phe Clu Leu Sec Gly Ser Gly 
bO 55 60 

Asp Leu Aflp Afip Leu <j1u A6p Ser Ket He Gly Pro Glu Val Val His 
6S 70 75 80 

Pro (jeu Vftl Pro Leu Aep Aefi His He Pro Glu Arg Ala Gly Ser Gly 
as 90 »5 

Ser Gin Val Pro Thr Glu Pro Lys Lys Leu Glu Glu Asn Glu Vol He 
100 105 110 

Pro Lys Arg lie Ser Pro Val Glu Gla Ser' Glu Asp Val Ser Asn Lys 
LIS 120 125 

Val Sev Met. Ser Ser Thr Vai Glrv Cly Ser ABti He Phe Glu Arg Thr 
130 135 1^10 

Glu Vnl Ma AEn Tyc Lys Lye Pro Lye Leu Leu Tyr Cys Ser Asn Gly 
MS 150 155 ISO 

Gly Hie Phe Leu Arg He Leu Pro Asp Cly Thr Vol Asp Gly Thr Ary 
165 no 175 

Asp Arg Ser Aep Gin Mis He Gin Leu Gin Leu Ser Ala Glu Ser Val 

leo les 190 

Gly Glu V4i Tyr He Lye Sec itir Glu "Hir Gly Gin Tyr Leu Ala Met 
195 200 205 

Asp Thr Aep Gly Leu Leu Tyr Cly Ser Gin Thr Pro Aen Glu Glu Cys 
210 315 220 
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Leu Phe hen Glu Arg Leu Glu Glu Asn Hie Tyr Asn Thr Tyr He Ser 
225 210 235 240 

Lye Lyfi Kie Ala Glu Lya Asn Trp Phe Val Cily Lou Lye Lys Asn Gly 
245 2b0 Z5S 

ser Cyfi Lys Ai-g Gly Pto Arg Thr His Tyr Gly Gin Lys Ala rie Leu 
2SCt 265 270 

Pile Leu Pro I^u Pio Val Ser Ser Afip 
275 2aO 

<:21U> SEQ ID NO U 
<211> LENGTH: 843 
<212> TYPE: DNA 

<213> ORGANTSM: Artiticinl Sequence 
<a2n5 MATURE; 

<22J> OTHER IHFXDRMATION : Description of Artificial Sequence: fuBion of 
eeguence for a part oZ human ryudc^con and a part of humaii 
fibroblast growth factor 1 

<22^> NAME /KEY : CDS 

<222> LOCATION; iU- fS^J) 

<400> ^EQUFWCE ; 24 

aty ycc ccc gr.c cgt ctg ttc gcg cLg ctg ctg ttc tte gta ggc gga 48 

Met Ala Pro Ala Arg Leu Phe Ala Leu Leu Leu Phe Phe Val Gly Gly 
15 10 15 

qtc gcc gag ccg ate cga gag act gag gtc ate gac ccc cag gac etc 96 
Val Ala Glti $QT He Arg Glu lUt^ Glu val llg Aep Pro Gin Asp Lou 
2i) 25 3 0 

ctA g^ft ggc cga tac: ttc tec gga gcc eta cca gac gat gag gat gta 144 
Leu Oil! Gly Arg Tyr Phe Eer Gly Ala Leu Pro Asp Aop Clu Asp Val 
3^1 40 45 

y tg qrjy c:cc gyg Cag gao tct gat gac ttt gag ctg tct ggC tct gga 192 
val Gly Pra Gly GJn Glu S^t Asp Asp Phe Glu Leu Ser Gly Ser Gly 
50 55 60 

gflt ctg yat gac ttg gaa gac tec atg ate ggc cct gaa gtt gtc cat 240 
Asp Leu Asp Afip Leu Glu Aep Ser Met lie Gly Pro Glu Val val Kie 
6Fi 70 75 eo 

ccc ttg gtg cct eta gat oac cat ate cct gag agg gea ggg tct ggg 2Se 
i>ro L^u Vol Pro Leu Asp Aan His lie Pro Clu Arg Ala Gly Ser Gly 
86 90 95 

age caa gtr ccc acc gaa ncc aag oaa eta gag gag aat gag gtt ate 336 
ser Gin vnl Pro Thr Gla Pro Lyp Lye i^u Glu Glu Asn Glu Val He 
300 105 110 

ccc aag aga ate tea ccc gtC gaa gag agt gag gat gtg tec aoc ang ^84 
Pto Lye Arg lie Scr Pro Val Glu Glu Ser Glu Asp Val Ser Asn Lys 
US 120 125 

gtg tea atg tee age act gtg e&g ggc age aac ate ttt gag aga acg 43 2 

Val Ser Met Ser Ser Thr val Gin Gly Ser Aen lie Phe Glu Arg Thr 
IJO 135 140 

gag gcc get aat tac; aftg aag ccc aaa etc etc tac tgt age aac ggg 480 
Glu val Ala Aan Tyr Lya Lya Pro Lys lgu Leu Tyr Cys Ser Aen Gly 
145 ISO ISS 160 

ggc cae ttc ctg agg ate ctt ccg gat ggc oca gtg gat ggg aca agg 528 
(jty His Phe r.ieu Arg lie Leu Pro Aep Gly ilir val Acp Gly Thr Arg 
165 170 17S 

gac agg flgc gac cag cac att cag ctg cag etc agt gog gaa age gtg 576 
Aep Arg Ser Asp Gin His lie Gin Leu Gin Leu Ser Ala Clu Ser val 
180 185 190 

ggg gag gtg tat ota aag agt acc gag act ggc cag tac ttg gcc atg 624 
Gly Glu Val Tyr lie Lye Ser Thr Glu Thr Cly Gin Tyr Leu Ala Met 
195 200 205 

yac acc gac ggg ctt tta tac ggc tea cag aca cca aat gag gaa tgt 673 
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Aep Tlir ABp Gl/ L&u Leu Tyr Gly Ser Gin Thr Pro Aen GLu Glu. Cya 
210 21S 220 

teg etc ctg gaa dgg ctg gag gag aac cat cac aac acc tat ata tec f20 
Leu Ph<? Irfju Glu Arg Leu Glu Glu Asn Hl& lyr Aen Thr tyr II & Set 
22S 23Q 23S 240 

aag aag f^ot gca gag aag Aflt tgg ttt gtt ggc etc aag aag ant ggg 768 
Lye Lye »is Ala Glu Lys Aen Trp Phe Val Gly Leu Lyti Lye Aen Cly 
245 390 

age tgc aaa. cgc ggt cct egg act cac tat. ggc cag aaa gca ate ttg S16 
Ser Cya Lye Arg Gly Pro Arg Thtr Kia Tyr Gly Gin L/s Ala He L-eu 
260 265 270 

ttt etc ccc ctg cca gtc tct tct gac 643 
Phe L«u Pro Leu Pro Val Ser Ser Aep 
275 2&0 

<210> SEO ID NO 25 
<2ll> LENCiTH: 172 
<212> TYPKl PFtT 

<2l3> 0R(r;ANI5M: Artificial Sequence 
<2Z0> fEATURE: 

<22Z> OTHiiH INFORMATION: Description of Ai-tiflcial Sequence ^ fusion of 
secfuence f&r a part of mouee fibrobla&c growth factor 5 and 
a paxt of hiiman fibroblast growth factor 1 

<40U> SEOUHNCE! 25 

Met Jer Afg Cly Ala Gly Ai*g Val Gin Cly Ttir Leu Gin Ala I/OU Val 
15 10 15 

Phe Leu cjly Vfki L«u Val Gly Met Val Val Pro 5er Pro Ala Cly Ala 
20 2& 30 

Arg Ala Asn Gly Ser Ala Aen lyx Lys Lys Pro Lye Leu Leu Tyr Cys 

40 45 

Ser Asn Cly Gly His Phe Leu Arg lie Leu Pro Asp Gly Thr Val Asp 
bO 55 60 

Gly Thx Arg Aep Arg S*r Asp Gin His lie Gin Leu Gin L«u Ser Ala 
6S 70 75 80 

Glu Cer Val Gly Glu Val Tyr lie Lye Set Thr Glu Thr Gly Gin lyr 
85 90 95 

r.eu Ala HeL Aep Thr Aep Gly LOU Leu Tyr Gly Ser Gin Thr Pro Asn 
100 105 no 

Glu Glu Cye r^u Phe Leu Glu Arg Leu Glu Glu Aen His Tyr Asn Tbr 
U5 120 125 

Tyr lie Soi' Uye Lys Hts Ala Glu Lys Asn Trp Phe Val Cly Leu Lye 
130 13S 140 

hys Asn Gly Ser Cys Lys Arg Gly Pro Arg Thr His Tyr Gly Oln Lys 
145 150 155 160 

AlA Tie Leu Phe Leu Pro Leu Pro Val Ser Ser Asp 
165 170 


<210> SEO ID NO 26 
<211> LENGTHi 516 
<ai2> TVPE: DMA 

<213> DkGANISM: Artificial Sequence 
<Z20> FEATUHK: 

<22^> OTHER INFORMATJON: Description Of Artificial Sequence: fusion of 
sequence for a patc of mouse fibroblast growth factor 6 and 
a part of human fibroblast growth factor 1 

<221> NAME/KEY: CDS 

< 22 Z> LOCATION: n}..(5161 

<iOQ> SEQUENCE: 26 


otg tec egg gga gca gga cgt get cag ggc aog ccg cag get etc gtc 


49 
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Met 
1 

Ger 


Gly 

Ala 

S 

Gly 

Arg 

Val 

Gin Gly 
10 


Leu 

Gin 

Ala 

Leu 
IS 

Val 


ttc 
Phe 

tUa 

Lj&U 

ggc 
Gly 

cjtc 

Vul 
20 

Ctft 
Leu 

gtg 
val 

ggc 
Gly 

atg 
Met 

gtg 
Val 

25 

gtg 

Val 

ccc 
Pro 

tea 
Ser- 

cct 
Pro 

gcc 
Ala 
30 

ggc gcc 
^ily Ala 


cqc 

gcc 
Ala 

aac 

J5 

ggc 
Gly 

teg get 
Gcr Ala 

aat 

Aen 

tac 
Tyr 
4Q 

aag 
Lys 

Bag 
Lye 

ccc 
Pro 

aaa 
Lye 

etc 
Leu 
45 

etc 
Leu 

tac Cgt 
Tyr Cys 


age 

aoc 

50 

Gly 

Gly 

CflC 

Hit; 

ttc 
!>he 

ntg 
Leu 
55 

flgg 

Arrj 

ntc 

lie 

ctt 
Leu 

ccg 
Pro 

got 

ASp 
60 

ggc 
Gly 

aca 
Thr 

gtg 
Val 

gat 
Afip 

192 

909 
Gly 

aca 

Thr 

Arg 

gRC 

Aap 

agg 
Aig 

age 

70 

gac 

Asp 

cag cac 
Oln Hie 

at t 
Tie 

cag 
Gin 

75 

Ctg 
Leu 

cag 
Gin 

etc 
Leu 

agt 

Set 

gcg 
Ala 

eo 

240 

gaa 
Glu 

oqc 

crtQ 
Val 

Gly 

gag 

es 

vai 

tat 
Tyr 

ata 

He 

aag 
Lye 

agt 
S&r 

90 

acc 
Thr 

gag 

Glu 

act 
Thr 

ggc 
Gly 

cag 
Gin 
95 

tac 
Tyr 

2QB 

teg 

gcc 

Ala 

acg 

MCC 

g«c 
100 

Thr 

gftc ggg 
Afip Gly 

ctt 
Leu 

tta 
Leu 
105 

tftC 

ggc 
Gly 

tea 
Sen 

cag 
Gin 

nea 

Thr 
llO 

eca 
Pro 

aa t 

Aiin 


CjlU 

cjaa 
Gla 

tgt 

cys 

ns 

ttg 
Lea 

ttc 

c:t0 gaa 
LdU Glu 

agg 
Arg 
130 

Ctg 

L6U 

gag 

Glu 

gag 
Glu 

aac 
Asn 

cat 

i2S 

tac 
Tyr 

aac 
Asn 

acc 
Hir 


tat 

Tyr 

atd 

lie 

130 

tec 

Lye 

aag 

Lyn 

cat 
His 

gca 
Ala 

135 

gag 

(Jlu 

aag 
L-ys 

aati 
Aen 

tgg 

Trp 

ttt 
140 

get 
Val 

ggc 

Gly 

etc aag 

Leu Lye 

432 

4 Dp 

Lye 
14& 

Aen 

Gly 


tcjc 

Cye 

a as 
Lys 
IbC? 

cgc 

Atg 

ggt 
Gly 

cct 
Pro 

egg 

Arg 

act 
Thr 

155 

cnc 
Kis 

tat 
Tyr 

gge 

Gly 

cag 
Gin 

aaa 

Lys 
160 

490 

gca 
Aia. 

otc 

LtfJ 

ttt 

<.Lc 
Leu 

ccc 
Pro 

ctg 
Leu 

cca 
Pro 

gtc 
Val 

tct 
Sex 

tct 

Set 

gat 

Asp 





516 


^.2lO> SEQ TD NO 27 
':aU> LENGTH: 210 
<212> TYPE; PRT 

<21Z> ORGAWlSri: Artificial Sequence 
<220> FEATURE: 

c22Z> OTHER INFORMATION; Description of Artificial se<iuence: fusion of 
sequence for a part of mouee flbroblaBt gXdwth factor b and 
A part of human fibroblast growth 1 

<400> SKQUENCEi 21 

Met Set Arg Gly Ala Gly Arg Vol Gin Gly Thr Leu Gin Ala Leu val 
IS 10 15 

Phc Leu Gly Val Leu Val Gly net val Val Pro Ser Pro Ala Gly Ala 
20 25 10 

Arg Ala Asn Gly Thr Leu Leu Asp Ser Arg Gly Trp Gly Thr Leu Leu 
15 40 45 

Set Arcj Sat Arg Ala Gly Leu Ala Gly Glu He S^c Gly Val Aen Trp 
50 5S 60 

Olu Ser Gly Tyr Leu Val Gly He Lys Arg Gin Ala Asn Tyr Lye Lyfi 
«5 70 75 80 

Pro Lys Leu Leu Tyr Cys Ser Asn Gly Gly Hig Phe Leu Arg He Leu 
85 90 95 

Pro Afip Gly Thr Val Aep Gly Thr Arg Aep Arg Ser Afip Gin His lie 
lOO 105 110 

Gin Leu Gin Leu Ser Ala Glu Ser Val Cly Glu Val Tyr He Lys Ser 
lis 120 12S 
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44 


Thr Glu Thr Gly Gin Tyr Leu Ala Met Asp Hir Agp Gly Leu Lea Tyjf 
130 13S 140 

Gly 5er Gin Ttiv Pro Aan Glu Glu Cys Leu Phe Leu GIu Arg Leu Glu 
145 150 ISS 160 

Glu A£n His Tyr Aeit Thr ryr rie Ser Lys tys His Ma Glu Lys Asn 
165 170 175 

Trp Phi? ViJ Gly Leu Lys L,ye Aen Gly Set Cye Lys Arg Gly Pro Arg 
lao 185 190 

Thr. Hlk Tyr Gly Gin LyH Ala Tie UfU Phe Leu Pro Leu Pro val Ser 

195 anO 205 

210 


<2::0> SEQ in NO 28 
<2ll> LENGTH: 630 
<212> TYPE: UNA 

<21J> ORGANISM: ArtlCicial Sequence 

<27.Q> FEATURE: 

<223> OTHER INTORHATION: Description of Arcificiftl Sequence: fusion of 
sequence for a pflTt of mouse fibroblast growth factor 6 and 
fl part of human fibroblast: girowt^i 1 

<22l> NAHE/KEY: CDS 

<2y.2-> LOCATION; a)-.(GJO) 

<400> SEQUENCE; 28 

Qtfj tec egg ggn gca gga cgt gtt cag ggc acg ctg cag get etc gtc 48 

Het Ser Arg Gly Ala Gly Arg Vftl Gin Gly Thr Leu Gin Ala Leu Val 

15 10 1& 

LLC Lta yyt- glic cLo gtg ggc atg gtg gtg ccc tea cct gcc ggc gcc 96 
Leu Gly Val Leu val Gly Met Val Val Pro Ser Pro Ala Gly Ala 

20 25 30 

CH'- yt^t; flflr ggc oog eta ctg goc tec aga ggc tgg ggc acc etc ttg H4 
Artj Ala Asn Gly Thr Leu Leu Asp Ser Arg Gly Trp Gly Thr Leu Leu 
15 40 45 

tec Q^g Cct cga get ggg eta get gga gag att teg ggt gtg aat tgg 192 
ser Arg Ser Arg Ala Gly Leu Ala Gly Glu lie Ser Gly val Abh Trp 
%0 5S 6D 

gaa age ggc tat ttg gtg gge att aag cga cag get aat tac aag aag 240 
GJu Ser Gly Tyr Leu Vai Gly He Lys Arg Gin Ala Aeti Tyr Lys Lys 
<i& 70 75 SO 

ccc aaa etc etc tac tgt age aac ggg gge cac ttc ctg agg ate ctt 286 
Pro L*ys Leu Leu Tyr Cyfi Ser Asn Gly Gly Hie Phe Leu Arg lie Leu 
as 90 95 

ccg gat gge aca ^tg gat ggg aca agg gac agg age gac cag cac att 336 
Pro Asp Gly 'ilir Val asp Gly Thr Arg Asp Arg Ser Aep Oln His He 
100 105 110 

cag ctg cag etc agt gcg gaa age gtg ggg gag gtg cat ata aag agt 3B4 
Cln Leu Gin Leu Ser Ala Glu Ser Val Gly Glu Val Tyr He Lys Ser 
lis 120 125 

Hcc gag act ggc cag tac ttg gcc otg gac acc gac ggg ctt tea cac 432 
Thr Clu The Gly Gin Tyr Leu Ala Het Asp Thr Afip Gly Leu Leu Tyr 
ua 135 140 

gge tea cag aca cca aa.t gng gaa tgt ttg ttc ctg gaa agg ctg gag 480 
Gly Ser Gin Thr Pro Asn Glu Glu Cys Leu Phe Leu Glu Arg Leu Glu 
i45 ISO 155 160 

gag oac cat tac aae acc tat ata tec aag ang cat gca ?iag aag aat 528 
Glu Aen HID ^ryr Asn Thr Tyr He Ser Lys Lys Hia Ala Glu LyB Aan 

165 no ns 

tgg ttt gtc ggc etc aag aag aat ggg age tgc aaa cgc ggt cct egg 575 
rrp phe Vol Gly Leu Lys Lye Asn Gly Ser Cye t-ye Arg Cly Pro Arg 
lao 185 190 
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Act cac tot ggc cag aaa gqa ate ttg ttt etc ccc ctg cc* gtc tct 624 

Thr Kle Tyr G]y Gin Lys Ala lie L,eu Phe Leu Pro L*u Fro Val Ser 
195 200 205 

tct gat 610 


<210> EIKQ TE> i«) 29 
<211> IJ^NGTH: ISO 
<2l2> TYPE: PWr 

<2X3> ORGANISM: Artificial Sequence 
<220> PEATURjBr 

<22l> OTHER IMFORMATIOK: tj^ffcription of Artificial Sequence: fueion of 
trequ«Tt(re for a part of mouee fibroblast growth factor S, 
a part oC hvunan fibroblast growth factor 1 as^d oji nftlfit^i^l 
sequence 

<4U0> SEQUENCE: 2& 

Mf^t S^r Arg Gly Ala Gly Arg Val Cln Oly Thr Leu Gin Ala Leu Val 
IB 10 15 

Phe Leu Gly val Leu val Gly Met val val Pro Ser Pro Ala Gly Ala 
20 25 3 0 

Arg A La Aan Gly Thr L*?u Leu Asp Ala Aen Tyr Lye Lys Pro Lys I^u 

35 40 45 

Leu lyt Cys Ser Asn Gly Gly His Phe Leu Arg He Leu Pro Asp Gly 
&D BO 

'J*hr Val Asp Gly Thr Arcj Asp Arg Ser Asp Cln His Tie Gin ueu Gin 

6^ 70 75 90 

Lou SQr Ala Glu Ser Val Gly Glu Val Tyr lie Lye Ser Thr GLu Thr 
(t^ 90 9S 

Gly Gin Tyr Leu Ala Met Asp Thr Asp (ily Leu Leu Tyr Oly Ser Gin 
100 105 110 

Thr Pro Ann Glu Clu Cye Leu Phe Leu Glu Arg Leu Glu Glu Asn Ala 
115 120 12S 

Thr Pro Alo Pro His Tyr Asti Thr Tyr lie Ser Lya Lya Hie Ala Glu 
liO U5 140 

Lye Atfii Trp Pho Val Gly Leu Lya Lye Asn Gly Ser Cys Lys Arg Gly 

14b l&O 155 160 

pro Arg Thr Hie Tyr Gly Gin Lyc Ala tie Leu Phe ueu pro Lou Pro 
565 170 175 

vaL ser iJ*r Aep 
180 
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<310> £EQ ID NO 30 
t;2ll> LFJ*5TH: 540 
<ai2> TYPE; DWA 

<212> ORGANISM; Artificial Sequence 
<220> FEATURE: 

<22^> OTSIER INFORMATIOW: DeBcrLption of Artificial Sequence: fusion of 
sequence for a pare of mouse fibroblaat growth factor 6, 
a part of hujuaft flbroblaGt growth C actor 1 and an artificial 
sequencis 

•«:22i> kame:/key: ens 

<222> LOCATION; (U.,<540J 
<4C10> SEQUENCE: 30 

rttg ti^c egg gga gca gga cgt gtt cag ggc acg ctg cag get etc gtc < 
KeL Ser Arg Gly Ala Gly Arg v*l Gin Gly Thr Leu Gin Aift Leu val 
15 10 15 

ttc tLa ggc gtc eta gtg ggc atg gtg gtg ccc tea cct gcc ggc gcc ! 
Phe Leu Gly Val Leu vai Gly Met Val val Pro Ser Pro Ala Cly Ala 
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20 25 30 

cgc gcc aac ggc acg cLa ctg gac get aat tnc aog aag ccc aaa etc 144 
Arg Ala Asn Gly Tht Leu Leu Asp Ala Asn lyr Lys Lys Pro Lys Leu 
3!> 40 4S 

ctr. tac: CgC age aac gg(j ggc cac tcc ctg agg fltc ctt ccg gflC ggc 192 
Lea T/t Cyii Ser Asn Gly Cly HLb Phe Leu Aorg He Leu Pro Asp Gly 
&y 55 60 

acft gtg gat fjgg aca agg gac agg age gac cag cac att cag ccg cag 240 
TM; Vfli Afp Cly Thr Arg Asp Arg Ser Asp GLn Hie lie Gin Leu Gin 
6& 70 75 aO 

etc age gcg gaa age gtg ygg gag gtg tat ata aog agt acc t^ag act 288 
Leu Sei- Ala Gin Ser Val Gly Glu Val Tyr Jle Lye Ser Tfiz Glu T^r 
85 90 95 

ggc cag tai: Ltg gcc acg gac acc gac ggg ct:t: tta tac ggc tea cag ^36 
Gly Gin 'lyr Leu Ala Met Aep Thr Asp Gly Leu Leu Tyr Gly Ser Gin 
100 tOS HQ 

4cn cca aac ^ag gaa tgt ttg ttc ctg gaa agg ctg gag gag aac get 384 
Thr Pro Ab-n Glu Qln Cye Leu Fhe Leu Qlu Arg Leu Glti Glu Asn Ala 
lis 120 12S 

acc cca get cca cat tac aac acc tat ata tec aag aag cat gca gag 43^ 
Tin* Pro Ala Pro Hie Tyr Asn Thr Tyr He Ser Lys Lye Hie Ala Glu 
130 13S 140 

aag aat tqg Utt gtt ggc etc asg aag aat ggg age tgc aaa cge ggt 4B0 
Lye Afin Trp Phe Val Gly Leu Lys Lys ash Gly Ser cys Lys Arg Gly 
US ISO 155 ISO 

i:cl rx]y act cac tat ggc cag aaa gca ate ttg ttt etc ccc ctg cca 528 
Pro Arg nir His Tyr Gly Gin Lys Ala He L^u Phe Leu Pro Leu Pro 
165 170 175 

gtc tct tct gat 540 
Vttl fSer Ser AHp 


<Z1Q> 5EQ ID NO 11 
<311> LENGTH: 20 
<Z12> TYPE; DHA 

<L21i> ORGANISM; Artificial Sequence 
<2Z0> FEATURE; 

<223> OTHER INFORHATIOH : Description of Artificial Sequence: primer for 
pen 

<4n0> SEQUENCE: 31 

aacaaaagct gggtaccggg 20 


Wliat is claimed is: 

L A fiinctionalizcd heporin-biiidijig protein compnsitig a 
lieparin-biiiding proteiii and at least one sugar chain 
covalenily bonded thereto, 
said at least one covalently bonded sugar chain being 
selected from tlie group consisting of a sul fated polysac- 
cli^iride, a glycosainmoglycan and an 0-1 inked sugar 
cliatn, 

said !iq)arin-bindiEg protein comprising (a) a proteoglycan 
core protein or a part diereof, to which said sugar chain 
is bonded, and (b) the portion ofthc amino acid sequence 
of SEQ ro NO: I starling with Asn at number 88 and 
ending witli Asp at numlser 221, 

wherein the DNA synthesis promoting activity of the hep- 
arin-binding protein is increased by adding the at least 
one covalently bonded sugar chain. 


2. The fiinctionalized heparin-binding protein of claim U 
wherein the at least one sugar chain is heparan sulfate, 

3. The fimciionalized heparin-binding protein of claim I, 
wherein Ihe functionalizcd heparin- binding protein has 
improved stability over an unmodified heparin- binding pro- 
tein. 

4. The functionaiixed heparin-binding protein of daun 3, 
wherein the stability is chosen from among tlie group con- 
sisting of iliermostability, acid resistance, alkalai tesistajicc 
and resistance to proteolytic enzymes. 

5. A phannaceuticai composition containing the function- 
alized heparin- binding protein of claiJn 1 as an active ingre- 
dient. 

***** 
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